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Description 

BACKGROUND OF THE INVENTION 

5 1 . The Field of the Invention. 

[0001] The present invention relates to improved compositions and methods for obtaining starch-based compositions 
having unifomity dispersed fibers, which may be manufactured into starch-bound articles having a fiber-reinforced, 
foamed cellular matrix. More particularly, the present invention relates to the use of a fluid system having high yield 

fo stress and viscosity in order to obtain homogenous dispersion of fibers, especially longer-length fibers {i.e., those 
having an average length greater than about 2 mm), within the inventive starch-based compositions. The uniformly 
dispersed fibers reinforce the newly f onned starch-bound matrix so that the molded articles are form stable and resistant 
to damage immediately upon being demolded even though enough free water is maintained within the foamed matrix 
to keep it sufficiently flexible and tough for its intended use without the need for conventional conditioning procedures. 

IS In addition, the well-dispersed fibers greatly Improve the final strength, toughness, and flexibility of the starch-bound 
articles, which allows for the manufacture of articles of reduced cross-section and higher strength. The starch-based 
compositions may optionally Include an inorganic (or natural mineral) aggregate and other admixtures to improve the 
moldabllity and lower the cost of the molded articles. The resulting articles can be mass-produced in a manner that is 
less expensive but environmentally superior to articles manufactured from conventional materials such as paper, glass, 

20 metal, plastic, polystyrene foam, or other organically-bound materials. 

2. The Relevant Technology . 
A. Conventional Materials. 

25 

[0002] Materials such as paper, paperboard, plastic, polystyrene, glass, and even metals are presently used in enor- 
mous quantity in the manufacture of articles such as containers, separators, dividers, lids, tops, cans, and other pack- 
aging materials used to protect, store, package, dispense, or ship an enomnous variety of liquid and solid goods. 
Containers and other packaging materials protect goods from environmental influences and distribution damage, par- 

30 trcularly from gases, moisture, light, microorganisms, vemiln, physical shock, crushing forces, vibration, leaking, or 
spilling. Packaging materials may also be imprinted with useful or promotional product infomiation to the consumer, 
such as the origin of manufacture, contents, advertising, instructions, brand Identification, and pricing. 
[0003] Most conventionally manufactured containers or other packaging materials (including disposable containers) 
are made from paper, papertjoard, plastic, polystyrene, glass, or metal materials. Each year, over 100 billion aluminum 

35 cans, billions of glass bottles, and thousands of tons of paper and plastic are used in storing and dispensing, e.g., soft 
drinks, juices, processed foods, cereals, grains, and beer. In addition, huge quantities of retail goods are sold or dis- 
tributed using some sort of packaging material. In the United States alone, approximately 5.5 million tons of paper 
made primarily from tree-derived wood pulp are consumed each year solely in the production of packaging materials. 
This vast consumption represents only about 1 5% of the total annual domestic paper production. 

40 [0004] Recently, consciousness-raising organizations have led a debate as to which of the conventional materials 
used to make such containers and other artk:les {e.g., paper, paperboard, plastic, polystyrene, glass, or metal) is most 
damaging to the environment, or whrch is more environmentally "connect." The debate often misses the point that each 
of these materials has its own unique environmental weaknesses. One faction will frequently tout a particular material 
as being superior to another when viewed In light of a particular environmental problem, while unknowingly (or even 

<s knowingly) ignoring different, often larger, problenr^ associated with the supposedly "environmentally friendly" material. 
In reality, the debate should not be directed to which of these materials is more or less harmful to the environment, but 
rather toward asking: Can we discover or develop an alternative material which will solve most, if not all, of the various 
environmental problems associated with each of these presently used materials? 

so B. Alternative Materials. 

[0005] Due to the more recent awareness of the tremendous environmental impact of using paper, paperboard, 
plastfc, polystyrene, glass, and metals for a variety of single-use, mainly disposable, articles such as containers and 
other packaging materials (not to mention the ever mounting political pressures), there has been an acute need (long 
ss since recognized by those skilled in the art) to find environmentally superior or improved substitute materials. One 
creative alternative has been to manufacture disposable food or beverage containers out of baked edible sheets, such 
as waffles or pancakes. Although edible sheets can be made into trays, cones, and cups that are easily decomposed, 
they pose a number of limitations. Edible sheets are primarily made from a mixture of water, flour, and a rising agent. 
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which Is shaped and baked between heated molds. Fats or oils are often added to the mixture to assist in the removal 
of the sheet from the baking mold. However, oxidation of these fats can cause the edible sheets to go rancid. From a 
mechanrcal standpoint, edible sheets are generally too brittle and fragile to replace any but a few of the articles made 
from conventional materials. This inherent weakness generally requires the cross-section of the edible sheet to be 
5 substantially increased relative to a similar article made from conventional materials, thus negating much, if not all. of 
the environmental or economk: benefits. Furthennore, if exposed to excessive moisture, the articles can easily grow 
mold or decompose prior to or during their intended use, thereby making such materials unsuitable for many of the 
applications for whk;h their substitution would be desirable. 

[0006] Attempts have been made to make artbles from organic materials such as starch, which is a natural, plentiful, 

10 and renewable resource. For example, articles have been made from a mixture of starch, water, and a mold-releasing 
agent (WO 91/121 86). The starch-containing mixture is usually baked between heated molds for a period of 2-3 minutes 
or more until the starch gelates, foams, and hardens by nearly complete drying of the molded starch-based mixture In 
the desired shape of the article. Such articles have a relatively low density and are generally biodegradable. 
[0007] However, the manufacture of starch-based articles, as well as the artteles themselves, are plagued with a 

15 number of drawbacks. The manufacture of such artteles has heretofore required a high baking time, a relatively high 
concentration of starch, expensive equipment, either a time-consuming "conditioning step" or the addition of a synthette 
polymer to Impart to the molded article the proper moisture balance, and a mandatory coating step to maintain the 
proper moisture balance. As a result, the manufacture of stanch-based artfcles has heretofore been far more expensive 
than simply making articles from conventional materials. 

20 [0008] Moreover, such stanch-based articles are very fragile and brittie (/.e. they have inadequately low fracture 
energy and flexural strengtii, both of which are essential qualities for most packaging materials), particulariy when 
Initially demolded, giving them limited use. The extreme brittleness of the newly demolded articles occurs because of 
the need to drive off substantially all of the free water within the starch-based cellular matrix in order to avoid degradation 
or fracture due to expansion of the newly demolded article. This is because the starch-based cellular matrix of such 

25 articles is simply too soft to withstand the internal pressures generated by and persisting within the cells due to the 
vaporized free water left within an undercooked article. On the other hand, overdrying the articles by leaving them 
within the heated molds too long can lead to carmelization, fracture due to shrinkage, and destruction of the binding 
capability of the starch material. These opposing concerns have created a very nan'ow window of time in which such 
starch-based articles can be molded without yielding a highly defective article. whk:h naturally increases the processing 

30 costs. Moreover, this has made the manuf actu re of articles having varying cross-sectional thickness virtually Impossible 
due to the inability to simultaneously remove adequate water from the thicker portion to avoid destruction of the article 
while avoiding the overheating of the thinner portion. 

[0009] In order to Improve the flexibility and reduce the brittleness of the newly demolded starch-bound articles it 
has heretofore been necessary to "condition" the newly demolded starch-based articles by exposing them to elevated 

35 humidity and temperature for prolonged periods of time in order to reduce the brittleness and increase the toughness 
of the articles. This "conditioning step" often takes several minutes, or even hours, depending on the processing con- 
ditions, which further retards the already slow manufacturing process. Furthemiore, the additional processing step of 
applying a coating to the article has been necessary in order to maintain the critical level of moisture within the starch- 
based cellular matrix of the conditioned artteles or to make the articles water-resistant. 

40 [0010] Like their edible sheet counterparts, such starch-based articles have suffered from the inability to obtain the 
requisite materials properties of conventional materials (even with "conditioning") without greatly increasing the thick- 
ness and mass of the articles manufactured therefrom (with thicknesses of at least 2 mm, and usually upwards of 5 
mm, being required). This high thickness, of course, greatly increases the amount of overall material needed to form 
an acceptable article. Also, such articles are prone to spoilage if exposed to excessive moisture, thereby creating a 

45 criticaiity with respect to moisture: too littie moisture and the articles would be too brittie and fragile to be suitable for 
their Intended use; too much and they would rot or spoil. Hence, they have a poor shelf life. Moreover, such stanch- 
based articles usually have a poor surface quality due to poor venting, inadequate viscosity and y\e\6 stress, and non- 
optimized flow dynamics. The poor surface quality has often been disguised by forming the articles with a waffled or 
textured surface, the waffle molds also serving the dual purpose of Improving the flow of mixtures that already tended 

so to segregation. 

[0011] Attempts have been made to fill such starch-based materials with fibers (WO 91/12186), usually shorter- 
length fibers and/or fibers of low aspect ratio (/.e., less than about 25:1 ). Nevertheless, such fibers have not appreciably 
Increased the strength and toughness of the resulting starch-based artteles. Moreover, although one of ordinary skill 
In the art might have expected the inclusion of longer-length fibers (/.e., those having an average length greater than 
55 about 2 mm) or fibers having a high aspect ratio {i.e., greater than about 25:1) to Improve the mechanical properties 
of the starch-based articles, the opposite has been true. It has been discovered that the addition of fibers usually 
resulted in no improved properties or even a weakerariicle because of poor dispersion, clumping, and/or segregation 
of tile fibers from the starch-based liquid component of the starting composition. 
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[0012] The inability to adequately disperse the fibers resulted from a lack of understanding with regard to the rela- 
tionship between the rheology (particularly yield stress) of the liquid connponent and the ability of the liquid component 
to disperse the fibers and prevent clumping, fomnation of nodules, and segregation of the fibrous component from the 
liquid phase. In fact, the conventional wisdom has been to increase the water content in order to obtain better fiber 

s dispersion. A common example is the manufacture of conventional tree paper, in which fft)rous slurries containing up 
to 99.5% water are used. However, even the addition of large quantities of water in the aforementioned starch-based 
materials (up to 80% in some cases) did not result in adequate dispersion of fibers of any length. Moreover, the inclusion 
of large amounts of water thought to be necessary to disperse the fibers, even shorter-length fibers, increased the 
production cost of the articles because of the increased time and energy required to remove the additional water from 

10 the fonned product. 

[0013] Rnalty. attempts have been made to Incorporate small amounts of Inert inorganic fillers within the starch- 
based compositions in order to cut material costs; however, only minimal amounts (less than about 10% by volume of 
the composition) have been successfully added due to the sharp decline in mechanical properties and strength of the 
molded article as the annount of such filters is increased. Those who have attempted to add significant amounts of 
f 5 inorganic filler to the starch-based compositions have heretofore failed to obtain structurally sound articles having even 
minimally required mechanical properties. Even if inorganic fillers in an amount up to 10% were successfully included 
the effect on materials cost and manufacturing efficiency would be marginal. 

[0014] In general, industry has repeatedly sought to develop more highly Inorganically filled materials capable of 
being mass-produced into a variety of disposable articles. Inorganic, materials such as clay, natural minerals, and 
20 stone are easily accessed, non-depletable, inexpensive, and environmentally inert. In spite of economic and environ- 
mental pressures, extensh^e research, and the associated long-felt need, the technology simply has not existed for the 
economic and feasible production of highly inorganically filled materials which could be substituted for paper, paper- 
board, plastic, polystyrene, metal, or other organic-based articles. 

[0015] In light of the foregoing, what are needed are compositions and methods for manufacturing novel starch- 
es bound materials that can replace paper, paperboard. metal, plastic, polystyrene, or other organic materials as the 
material of choice for producing containers and other articles. 

[0016] It would be a tremendous improvement in the art to provide compositions and methods to improve the dis- 
persion of fibers within the above starch-based materials without the use of large quantities of water. It would yet be 
a significant Improvement if such compositions and methods allowed for the more thorough dispersion of fibers, par- 
30 ticularly relatively long-length fibers (/.e., those having an average length greater than about 2 mm) and/or fibers of 
high aspect ratio {ie., at least about 25:1), within the starch-based materials used to make said containers or other 
articles. 

[0017] It would also be an improvement in the art if the above starch-bound compositions could be filled with relatively 
large concentrations of inorganic aggregates, partfcularly aggregate fillers which are compatible with and commonly 
35 found in the earth, and yet maintain the structural integrity and desired mechanical properties of articles made therefrom. 
[001 8] It would be a significant improvement in the art If such compositions and methods yielded highly inorgank:aiiy 
filled, starch-bound articles that had properties similar, or even superior, to paper, paperboard, metal, polystyrene, 
plastic, or other organic materials. 

[001 9] It would yet be an improvement in the art if such compositions and methods provided for the manufacture of 
40 containers and other articles without the need for prolonged, high-humidity conditioning in order to obtain the required 
flexibility or toughness. 

[0020] It would be an additional improvement in the art to provide compositions and methods that yielded starch- 
bound ariicles that did not require the application of a coating to keep the cellular matrix from drying out or absorising 
humidity from the air. 

<s [0021] It would be a further improvement in the art to provide compositions and methods for manufacturing starch- 
bound containers and other articles having a smoother, more uniform surface compared to existing starch-based arti- 
cles. 

[0022] It would yet be an Improvement to provide compositions and methods that yielded starch-bound artk:les having 
varying cross-sectional thk:knesses throughout the same arttete. 

50 [0023] It would also be an improvement in the art if such articles could be fomied using existing manufacturing 
equipment and techniques presently used to forni such artk^les from paper, paperboard, metals, polystyrene, plastic, 
or other organic materials. It would further be an improvement if such compositions and methods did not result In the 
concomitant generation of wastes involved with the manufacture of articles from conventional materials. 
[0024] It would be yet an advancement in the art if such compositions and methods required the use of less water 

55 that had to be removed during the manufacturing process (as compared to the manufacture of paper or other organi- 
cally-based materials), in order to shorten the processing time and reduce the initial equipment capital investment. 
[0025] From a practical point of view, it would be a signif k:ant improvement if such compositions and methods made 
possible the manufacture of containers and other artules at a cost that was comparable to, or even less than, existing 
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methods of manufacturing containers or other articles from paper, paperboard, metal, plastic, polystyrene, or other 
organic materials. Specifically, it would be an advancement in the art if such materials resulted in a reduction in the 
consumption of energy, valuable natural resources, and initial start-up capital presently expended in making articles 
from conventional mateteials, such as paper, metals, polystyrene, plastic, or other organic materials. 
5 [0026] It would further be a significant inrtprovement In the art if such compositions and methods yielded containers 
and other articles having a similar cross-section and comparable critical mechanical properties for a specific use, such 
as, e.g., insulation, strength, toughness, etc., compared to paper, paperboard, polystyrene, plastic, or other organic 
materials. 

[0027] From a manufacturing perspective, it would be a significant advancement in the art to provide compositions 
'0 and methods that allowed for the mass-production of highly inorganically filled, starch-tx)und articles that could be 
rapidly fonmed and ready to use within a matter of minutes from the beginning of the manufacturing process. 
[0028] It would also be a tremendous advancement in the art to provide compositions and methods that allowed for 
the production of highly inorganically filled, starch-bound materials having greater flexibility, flexural strength, tough- 
ness, moldability, mass-producibitity, product stability, and lower environmental impact compared to conventionally 
15 manufactured starch-based materials. 

[0029] Such compositions, methods, and articles are disclosed and claimed herein. 

[0030] In particular, according to the present Invention the above mentioned technical problems are solved by an 
article of manufacture having a fiber-reinforced, starch-bound cellular matrix, and a laminate coating applied to at least 
a portion thereto, the starch-bound cellular matrix comprising a starch-based binder and fibers dispersed throughout 
20 the starch-bound cellular matrix, the fibers having an average length greater than about 0.3 mm, an average aspect 
ratio greater than about 25:1 , and a concentration in a range from about 2% to about 80% by weight of the starch- 
bound cellular matrix. 

[0031] Moreover, the above mentioned technical problems are solved by a fiber filled starch-based composition for 
molding into an article having a starch-bound cellular matrix, the starch-based composition comprising ungelatinized 
S5 Starch, water, a thickening agent, a fibers having an average aspect ratio greater than about 25:1; the water and 
thickening agent comprising a fluid fraction having a yield stress such that the fibers are substantially uniformly dis- 
persed throughout the starch-based composition, the composition forming the starch-bound cellular matrix upon ge- 
lation of the starch granules and subsequent removal of at least a portion of the water from the starch-based composition 
by evaporation. 

30 [0032] Finally, the above mentioned technteal problems are solved by a method for manufacturing an article having 
a fiber-reinforced, starch-bound cellular matrix and a laminate coating, the method comprising the steps of: mixing 
together water, a thickening agent, ungelatlnized starch, and fibers having an average aspect ratio greater than about 
25:1 to fonri a starch-based composition; forming the starch-based composition into a desired shape of the article of 
manufacture by heating the composition in a mold to a temperature sufficient to substantially gelatinize the starch- 
es based binder and remove at least a portion of the water by evaporation; removing the fomied article from the mold 
after a substantial portion of the water has been removed from the starch-based composition; and applying a laminate 
coating to at least a portion of the starch-bound cellular matrix. 

SUMMARY OF THE INVEI*fnON 

40 

[0033] The present invention is directed to novel starch43ased compositions and methods forobtaining starch-based 
compositions having substantially unifomily dispersed fibers, as well as articles having a foamed, fiber-reinforced, 
starch-bound structural matrix made from such compositions. The inventive starch-based compositions are unique In 
that they include significant quantities of well-dispersed fibers, preferably fibers of high aspect ratio and longer length. 

45 This results In articles having substantially the same amount, concentration, or distribution of fibers throughout the 
entire bonding matrix, which allows for the manufacture of a wide variety of artfcles which attain substantially all of their 
final strength, flexibility, toughness, and other critical properties immediately or shortly after being demolded without 
the need for a subsequent conditioning step. A fluid system having a pseudo plastk: or an approximate BInghamlan 
flow behavtor {ie., having an appropriately high yield stress) is used to impart shear from the mixer down to the fiber 

50 level in order to obtain a composition having unifonmly dispersed fibers. 

[0034] The inventive starch-based compositions include a thickening agent capable of increasing the yieW stress of 
the fluid fraction In order to facilitate substantially uniform dispersion of fibers, an ungelatinized starch-based binder 
component, water, and, optionally, inorganic aggregate fillers, mold releasing agents, internal coating materials, hu- 
mectants, plasticizers. internal sealing materials, coloring dies, and other admixtures. The thickening agent is preferably 

55 pregelatinized starch. The water is included within the moldabie mixture to disperse the components, gelate the starch- 
based binder, and act as an evaporative foaming agent. The water remaining within the starch-bound cellular matrix 
of the final article also helps to plastlcize the otherwise brittle structure of the article in order to provide internal flexibility 
and toughness. 



5 



EP 0 804 331 B1 



[0035] The present invention also teaches innproved methods for molding starch-based compositions into articles 
having a starch-bound cellular structural matrix. The molding process generally includes forming the moldable com- 
position between heated dies in order to gelate the starch-based t)inder and to cause the water-based solvent to 
evaporate and expand, thereby creating a foamed, starch-bound cellular matrix. 

5 [0036] it has been discovered that the well-dispersed fibers of high aspect ratio (/.e, about 25:1 or greater) and 
preferably longer-length (/.e., at least about 2 mm) within the starch-based composition sen^e at least two important 
functions. Rrst, and perhaps most importantly, the fibers reinforce the newly foamed and gelated starch-bound matrix 
of the molded composition so that the molded article can be removed from the mold while retaining adequate free 
water within the structure of the article to plasticize the starch-bound matrix. This allows the newly demotded article to 

10 have adequate toughness and strength immediately or shortly after being demolded for Its intended purpose without 
the need for conventional conditioning, or the inclusion of oils, plasticizers, or co-polymers, as were previously required 
in the manufacture of foamed starch-based articles. Without the conditioning step to reintroduce moisture back into 
the starch-based matrix, highly foamed starch-based articles, even those that included significant quantities of shorter- 
length fibers (Le, those having an average length between 0-1 .5 mm), were usually too brittle and fragile for their 

IS intended use, predominately because of the inability to adequately disperse the fibers. Moreover, such articles could 
riot simply be demolded without such overdrying because of the destructive nature of the highly pressurized water 
vapor that otherwise would remain within the cellular structure of the newly demolded article. The conventional starch- 
based cellular matrix was not strong enough to withstand the internal buildup of pressure caused by the heated molding 
process. 

20 [0037] Another important benefit of including well-dispersed, preferably longer-length fibers of high aspect ratio within 
the molded articles is the dramatic increase in the fracture energy, tensile strength, flexurai strength, toughness, flex- 
ibility, and other related properties of the final molded article over previously made starch-based articles. This improve- 
ment in mechanical properties is even more dramatic where significant quantities of inorganic aggregates are included, 
which in the past greatly reduced the strength of the molded articles. It is the sut>stantlally unifomi dispersion of fibers 

25 that gives the materials of the present invention materials properties similar or even superior to conventional materials 
at about the same cross sectional thickness or mass. This allows for the manufacture of thinner-walled articles having 
properties superior to their much thicker-walled, starch-based counterparts, thereby greatly reducing the mass, cost, 
forming time, and environmental impact of the materials used to manufacture such articles. Moreover, the shortened 
molding times and the elimination of the previously required conditioning step greatly reduces the manufacturing costs 

30 In lenro of labor, time, and energy. 

[0038] A preferred moldable starch-based composition is fomrted in two steps. The first step includes mixing together 
the fibers (often comprising an undisassoclated fibrous material or bundle) and a portion of the starch-based binder 
and water, getatlng the starch-based binder to form a "preblended" mixture having a fluid fraction of sufficiently high 
yield stress and viscosity to adequately disperse the fibers, and dispersing the fibrous material by means of applying 

35 sufficient shear to the preblended mixture. The starch-based binder used in the preblended mixture may either be pre- 
gelatinized or gelated in situ by raising the temperature of the preblended mixture to the gelation temperature of the 
partrcular starch-based binder being used. In the second step, the remaining components are added to the preblended 
mixture, including the remaining ungelated starch-based binder and additional water, as well as other optional com- 
ponents such as the inorganic aggregate filler, the mold release agent, plasticizers, rheology-modifying agents, internal 

40 coating agents, and any other desired admixture. Once the fibers have been dispersed, however, maintaining a higher 
yield stress becomes less important. In fact, lowering the viscosity and yield stress of the final mixture often aids In the 
molding process by making the mixture more flowable. 

[0039] In an altemative embodiment, the fibers are dispersed within the moldable starch-based composition using 
only one mixing step by ensuring that the viscosity and yield stress of the liquid fraction within the overall mixture 

45 (excluding the solids, such as, e.g., the fibers, ungelated starch granules, inorganfc aggregate, etc.) is Initially great 
enough to impart the desired shear at the fiber level. This may be accomplished by, e.g., initially adding both a pre- 
gelatinized starch-based binder (or other similar thickening agent) and an ungelated starch-based binder to the starch- 
based composition, with the pre-gelatlnlzed starch or other thtekenlng agent raising the viscosity and yield stress of 
the liquid fraction of the mixture to the appropriate minimum level. 

50 [0040] It is important to understand that the ability to uniformly disperse the fibers throughout the starch-based com- 
position is determined primarily by the rheology of the fluid fraction as opposed to the mixture as a whole. In fact, 
adding solid components, such as fibers and aggregates, to the mixture are known to increase both the yield stress 
and viscosity of the mixture. However, simply increasing the yiekl stress and viscosity of the rfilxture will not result in 
the high degree of fiber dispersion that is obtained through the use of a high yield stress flukJ fraction; hence, the 

55 importance of adding gelatinized starch or other appropriate water soluble thickening agent to the fluid fraction. 

[0041 ] Once the fibers have been unifomity dispersed, whether by a one- or two-step method, the viscosity and yield 
stress of the starch-based composition may be altered as rieeded to prepare the desired nraldable composition. In 
general, the addition of the remaining components will tend to increase both the viscosity and yield stress of the overall 
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moldable composition (though not of the fluid fraction), which is desired in many cases. However, it may often be 
desirable Instead to reduce the viscosity of the fluid fraction within the moldable composition by, e,g., adding additional 
water and/or a dispersant in order lo improve the ability of the composition to flow into the molding apparatus. This, in 
turn, yields molded articles having generally improved surface finish compared to articles made from higher viscosity 
5 mixtures. The yield stress of the fluid fraction must be maintained at sufficiently high levels, however, in order to maintain 
a composition that is cohesive and plastic. 

[0042] It has been found that the fluid fraction used to initially disperse the fibers within the preblended mixture should 
have a yield stress of at least about 10 Pa, up to about 5000 Pa, preferably in a range from about 20 Pa to about 2000 
Pa, more preferably from about 50 Pa to about 1000 Pa, and most preferably from about 100 Pa to about 500 Pa. It 
w has been found that there is a more direct correlation between the yield stress of the fluid fraction and the ability to 
unifomnly and homogeneously disperse the fibers within a mixture than between viscosity and fiber dispersion. In fact, 
even highly viscous mixtures, if they have little or no yield stress, are generally unable to adequately and unlfomily 
disperse the fibers. 

[0043] Nevertheless, although the viscosity of the fluid fraction is less important than maintaining the yield stress at 

f 5 an appropriate level, the fluid fraction will generally have a viscosity of at least about 3 Pa s, up to about 3000 Pa s, 
preferably in a range from about 5 Pa-s to about 1000 Pa s. more preferably from about 10 Pa s to about 500 Pa s. 
and most preferably from about 30 Pa-s to about 200 Pa-s. The foregoing and all subsequent viscosity values, unless 
otherwise specified, represent "apparent viscosity" values measured on a Paar-Physlca viscometer at a shear rate of 
5 s-V However, the "plastic viscosity" of the same fluid fraction of the preblended mixture, when determined by the 

20 best fit line on a flow curve at a shear rate between 60 s"^ lo 100 s•^ will fall generally within a broad range from at 
least about 0. 1 Pa-s, up to about 1 00 Pa s. preferably in a range from about 0.25 Pa-s to about 1 00 Pa-s, more preferably 
from about 0.4 Pa-s to about 50 Pa-s. and most preferably from about 0.5 Pa s to about 20 Pa s. 
[0044] If either a one-step or two-step mixing procedure is used, the foregoing numbers for the preblended mixture 
closely approximate the preferred yield stress and viscosity of the liquid f/acf/on within any appropriate mixture when- 

25 ever It is desired to homogeneously disperse the fibrous component therein. Because the solids will tend to increase 
both the yield stress and viscosity, the final moldable starch-based composition (whether prepared using a one-step 
or two-step process) will have a yield stress of at least about 10 Pa, up to about 10,000 Pa. preferably in a range from 
about 250 Pa to about 4000 Pa, more preferably from about 500 Pa to about 3000 Pa, and most preferably from about 
1000 Pa to about 2000 Pa. The associated apparent viscosity of the final mixture measured at 5 s'^ will generally fall 

30 within a broad range from at least about 6 Pa-s. up to about 3000 Pa-s. preferably in a range from about 50 Pa-s to 
about 2000 Pa-s. more preferably from about 1 0O Pa's to about 1000 Pa-s. and most preferably from about 300 Pa-s 
to about 600 Pa-s. The plastic viscosity of the same starch-based composition, when detemnined by the best fit line 
on a flow curve at a shear rate between 4 s-"* to 14 s""", will generally fall within a broad range from at least about 1 
Pa-s, up to about 2000 Pa-s, preferably in a range from about 2 Pa-s to about 500 Pa s, more preferably from about 4 

35 Pa-s to about 100 Pa-s, and most preferably from about 1 0 Pa s to about 30 Pa-s. 

[0045] Of course, the viscosity and yield stress of the final moldable mixture may be reduced by the addition of more 
water, or more preferably through the use of a dispersant, without affecting the dispersion level of the already well- 
dispersed fibers. In fact, while it is possible for the yield stress and viscosity of the overall starch-based mixture to 
increase compared to the fluid fraction during initial fiber dispersion because of the addition of the solid components, 

40 the yield stress and viscosity of the fluid fraction can be simultaneously reduced by adding additional water and/or a 
dispersant. Once the fibers have been substantially unifomily dispersed using either the one-step or two-step mixing 
process, the yield stress and viscosity may be reduced as desired in order to improve the moldability of the mixture. 
[0046] It has been discovered that in sharp contrast to conventional practices in which large amounts of water are 
believed to be necessary in order to adequately disperse the fibers, thereby creating a generally low viscosity, very 

45 low yield stress liquid fraction, the present invention exploits the newly discovered ability of an Initially high viscosity, 
high yield stress liquid fraction to transfer shear from the mixer down to the fiber level regardless of the viscosity and 
yield stress of the liquid fraction of the final moldable mixture. The inability of conventional practices to obtain adequate 
dispersion of high aspect ratio fibers within water soh^ated systems, particularly fibers having an average length greater 
than about 2 mm, Is primarily due to the inability of the generally low viscosity Newtonian fluid fractions (/.e., those that 

so have little or no yield stress) to transfer the shearing force or energy from the mixer to the fibers. Instead, the energy 
in such mixtures is dissipated within the churning aqueous solvent (or other Newtonian fluid fraction) because of the 
tendency of the nonvlscous water to yield or flow in the direction of the shearing force without transfening such energy 
to the fibers or fibrous clumps. Thus, adding progressively greater amounts of water generally will not substantially 
improve the ability of such mixtures to thoroughly disperse or blend the fibers throughout the aqueous slurry. In fact, 

ss increasing the water content will lead to greater segregation between the fibers and the rest of the composition during 
the molding process, which leads to pooriy formed articles of greatly diminished strength and structural integrity. Sim- 
ilarly, simply increasing the shear rate or shear energy of the mixing apparatus does not appreciably improve the ability 
to disperse fibers, particulariy longer-length fibers. Moreover, the converse is often tnje: increasing the shear rate of 
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the mixer can lead to clumping and entanglement of the fibers and the formation of fibrous nodules. Finally, any excess 
water must be removed at the price of increased production costs. 

[0047] The present invention solves these problems by dispersing the fibrous component by means of either the 
one>step or two-step processes above In which the liquid faction within either the preblended mixture or the starch- 

s based composition has a high yield stress and viscosity {i.e., has an approximate Binghamian flow behavior), which 
has been discovered to be far more effective in directfy imparting the shearing forces from the mixer to the fibers. This 
is because the high viscosity and yield stress of the fluid fraction creates a mixture having a high level of internal 
cohesion and adhesion and, hence, high shear at the fiber level. The result is greatly increased dispersion of fibers, 
particularty longer-length fibers of high aspect ratio, compared to conventional methods. In addition, the highly viscous 

fo high yield stress preblended mixture, as well as the preferred starch-based compositions discussed below, have suf- 
ficient viscosity to reliably maintain the fibers and other admixtures thoroughly and evenly dispersed throughout the 
mixture. The use of such compositions makes possible the previously unattainable dispersion of fibers having a high 
aspect ratio and/or an average length of at least about 2 mm, and allows for the dispersion of fibers having average 
fiber lengths of at least about 3.5 mm, 6.5 mm. and 10 mm, even up to about 25 mm or longer. 

IS [0048] Once the fibers have been adequately dispersed throughout the preblended mixture, the moldable mixture 
is prepared by simply blending In the remaining components or admixtures. If the starch-based binder used in the 
preblended mixture was gelated by raising the temperature of the preblended mixture to at or above the gelation 
temperature, it will usually be preferable to first cool the mixture to below the gelation temperature before adding the 
remainder of the ungelated starch-based binder. Othenwise, the remaining starch-based binder will gelate prior to the 
molding procedure and generally produce inferior articles of decreased strength. In addition, it is generally preferable 
to maintain the majority of the starch-based binder in an ungelated state in order to keep the viscosity and yield stress 
of the moldable mixture within the preferred ranges in order to maintain adequate flowabilrty and moldability of the 
moldable mixture. 

[0049] The mixture may be cooled down to below the gelation temperature of the starch-based binder using any 
25 appropriate means known in the art. For example, the cool down procedure may simply be performed by adding each 
of the remaining components, such as the inorganic filler and the remaining water, before the remaining starch-based 
binder is added. In other cases, it may be preferable to add very cold water or even ice to cool the preblended mixture 
when fomiing it into the moldable mixture, partteularty where a relatively large fraction of the total water was included 
In the preblended mixture. 

30 [0050] The mixing procedure used to form the final moldable mixture should have adequate shear to thoroughly 
blend the components within the moldable mixture, but not be so severe so as to damage the tJbers and aggregates, 
or so as to entrain unwanted air pockets within the mixture. In addition to the components Identified above, any ad- 
mixture may be added in order to improve the moldability of the mixture, or in order to impart the desired mechanical 
properties to the molded article. For example, co-solvents, such as water soluble, volatile alcohols may be added to 

35 aid in the removal of the water from the mixture during the molding process. Other co-solvents might include relatively 
non-volatile components, such as ethylene glycols, polyethylene glycols, propylene glycols, glycerol, etc., which act 
to plasttcize or soften the foamed, starch-bound cellular matrix. The only limitation to the types of admixtures that may 
be added Is that they should preferably not unduly interfere with the gelation process of the starch-based binder during 
the nnolding process. Otherwise, a molded artide in whk:h the starch-based binder has been Inadequately gelated 

40 during the molding process will generally have inferior mechank^al properties and will be harder to demokl without 
damaging the article. 

[0051] If the starch-based binder has been property gelated. the molded article will be fomn stable and possess 
substantially alt of its desired properties immediately or very shortly after being denrtolded. The inclusion of well-dis- 
persed fibers aids in the ability to obtain a demolded article having sufficient form stability and, especially, resistance 

45 to internal pressure caused by the small amounts of water remaining within the cellular matrix of the newly demolded 
artrcle. This in turn yields a newly demolded article that has sufficient toughness and strength so that It may be handled 
at high rates immediately or very shortly after being demolded {i.e., within a few seconds) without cracking or failing. 
Studies have shown that the inventive articles have fibers that are substantially unifonnly dispersed throughout the 
structural matrix of the article. Although longer-length fibers having an average length greater than about 2 mm are 

so prefen-ed. shorter length fibers {i.e., those having an average length in a range from about 0.3 mm to about 2 mm), 
which are also more thoroughly and evenly dispersed using the high viscosity and yield stress mixtures of the present 
invention, have been shown to yield arttoles of increased strength and fracture energy by maintaining an aspect ratio 
above about 25:1 and by inclu ding such fibers in a concentration suffteient to maintain a high total fiber length throughout 
any given fraction of the starch-based composition. 

55 [0052] Other mechanical properties that can be designed into the molded article by changing the mix design and/or 
molding parameters include thickness, density, modulus of elastk^ity. compressive strength, tensile strength, fiexural 
strength, flexibinty, range of strain, fracture energy, insulating ability, and specific heat. Because of the ability to adjust 
these properties as needed, a wide variety of arttoles can be made, including containers, cups, trays, "dam shell" 
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containers, plates, cartons, boxes, bottles, crates, spacers, and numerous other articles used in, e.g., packaging, stor- 
ing, shipping, serving, portioning, and dispensing almost any imaginable good, including food or beverages. 
[0053] The materials of the present invention may include a variety of environmentally safe components, including 
a starch-based binder, water, fibers, inorganic aggregates, enzymes, pectins, inert organic aggregates, mold-releasing 

s agents, rheology-modifying agents, cross-linkers, internal coating nfiaterials, dispersants, plasticizers, and coatings. In 
order to reduce the cost and also to improve the environmental compatibility of the articles, the moldable mixtures are 
designed with the primary considerations of maximizing the concentration of the inorganic component, optimizing the 
starch, fiber, and solvent components by only including as much of these as is necessary to obtain the desired properties 
from each, and selectively modifying the viscosity and yield stress of the moldable mixture to produce articles quickly, 

W inexpensively, and having the desired properties for their intended use. 

[0054] The starch-based binder acts as the binding agent and typically includes any starch such as potato starch, 
com starch, waxy com starch, rice starch, wheat starch, their grain predecessors, e.g., flour and cracked grains, or 
their modified counterparts. Unmodified starches are generally preferred because they will only gelate after the mold- 
able mixture has been raised to the gelation temperature of the unmodified starch during the molding process, thereby 

« providing a means for controlling the timing, rate, and extent of gelation. In addition, they are usually far less expensive 
than modified stanches. Unmodified starches such as potato starch and waxy corn starch, the very starches prefen-ed 
In the present invention, are treated as very inexpensive waste products and used as cattle feed or Irrigation supple- 
ments. The substitution of naturally produced, but generally overabundant and very low-valued unmodified starches, 
on the one hand, for the petroleum-based or synthetk^alty produced plastics, polystyrene, and other polymers used in 

20 the manufacture of conventional materials, on the other, further illustrates the tremendously positive environmental 
impact of the fiber-reinforced, starch-bound, optionally inorganically-filled, materials of the present invention 
[0055] In many conventional uses of starch, such as the hot-melt technique in whfch the starch is healed under 
elevated temperature and extreme pressure in the presence of minimal water and in which starch behaves somewhat 
like a thennoplastrc material (also sometimes referred to as "destructurized" starch), it has been necessary to use a 

25 starch having a relatively high amylose content (greater than 45% by weight) in order to make the starch more chem- 
ically compatible with the small amount of water that might be added to plasticize the starch material. This is in sharp 
contrast to the way in which starch-based binders are used in the present invention, in which the contribution by the 
starch-based binder to the mechanical properties of the final molded article is Independent of the amylose content. In 
fact, the two most preferred starch-based binders, namely unmodified waxy com starch and potato starch, have a 

30 relatively low amylose content (1 -3% and 20-25%, respectively). 

[0056] Water, either alone or in combination with a co-solvent, is used to disperse the components within the mixture, 
control the viscosity and yield stress of the moldable mixture, and act as an agent for gelating the starch-based binder. 
In addition, other admixtures, such as the starch-based binder, fibers, inorganic filler, rheology-modifying agent, plas- 
ttelzer, and dispersant, help to create a mixture having the desired rheological or flow properties. 

35 [0057] The starch-based binder is preferably added in its ungelated, granular form, although it may be pregelatcd, 
at least in part, in the preparation of either the preblended mixture or the final moldable mixture. If a one-step mixing 
process is employed, it may be preferable to include both a pre-gelatlnized starch and an ungelated starch-based 
binder in order to increase the viscosity and yield stress of the overall composition to the appropriate levels in order to 
disperse the fibers. As the starch-based binder is heated in the presence of water, the granules rupture, thereby allowing 

40 the tong, single chain, amylose polymers located within the granules to stretch out and intertwine with other starch 
polymers, such as the highly branched amylopectin polymers. This process is referred to as gelation. Preferred un- 
modified starches are those that, like potato or waxy com starch, swell easily in a single step. Once the solvent has 
been substantially removed, the resulting interconnected mesh of starchy polymers produces a solid material. Although 
many starch-based binders (such as unmodified starches) can be very inexpensive, it is generally impracticable to 
manufacture articles out of a mixture containing solely or primarily starch and water because of the excess time and 
energy necessary to remove the solvent to make a form-stable arttele of sufficient strength and toughness, and the 
time required to condition the demolded article using high humidity. 

[0058] The addition of fibers improves the fracture energy and toughness of the artfcle and improves the foim stability 
and flexibility of the newly demolded article. One prefen-ed ftorous material is softwood fibers, whfch have an average 

so length of about 3.6 mm. Longer-length fibers are preferred over shorter-length fibers because longer-length fibers are 
better able to bridge or span the length of the voids or pores within the foamed starch-bound matrix, thus being better 
anchored in the matrix and imparting a superior reinforcing effect. Nevertheless, fibers of shorter-length can be em- 
ployed, either alone or In combination with longer fibers, as long as an aspect ratio of at least about 25:1 is maintained. 
By maintaining a high aspect ratio of the shorter fibers, the overall cumulative length of the individual fibers per unit 

55 volume of material is maintained or increased. 

[0059] In general, shorter-length fibers such as hardwood fibers, which have an average length of about 1 .5 mm, or 
cotton linlers, having an average length in a range from about 0.3 mm to about 1 mm, will be better able to impart the 
benefidal strength and toughness properties if the average pore size of the article is 0.25 mm or lower. Even recycled 
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paper, comprising a mixture of softwood and hardwood fiber can be used in conjunction with the high viscosity, high 
yield stress compositions taught and disclosed herein to yield articles having improved strength and toughness. In 
general, fibers may economically be included in amounts from about 2% to about 80% by weight of the total solids, or 
about 1% to about 40% by weight of the overall mixture, including water. As a general rule, however, where fibers of 
5 low average length are used it will be necessary to include a greater volume of fibers to obtain the same or similar 
mechanical properties compared to the use of longer-length fibers. 

[0060] To further decrease the cost and also to impart desirable properties to the rmal article, inorganic fillers or 
aggregates may be optionally added in amounts up to about 80% by weight of the total solids in the moidable mixture. 
While this range applies to most aggregates of relatively high density (greater than about 1 g/on^, in the case of lower 

10 density, or "lightwelghf, aggregates (having a density less than about 1 gfcrrP), such as expanded pertite or hollow 
glass spheres, the weight proportion may be less and is dependent upon the density of the particular aggregate in 
question. As a result, it Is wore appropriate to express the concentration of lightweight aggregates in tenns of volume 
percent, which will preferably be Included in a broad range from atM)ut 5% to about 80% by volume of the starch-based 
composition before it Is molded. 

IS [0061 J To obtain mixtures having a high concentration of Inorganics, the Inorganic aggregate particles are selected 
to have a shape and particle size distribution that preferably produces a high packing density. This process Is refenred 
to as particle packing. It is further prefen^ed that the particles have a relatively low specific surface area; otherwise, the 
aggregate material might Interfere with the water-Induced gelation reaction of the starch-based binder. The specific 
surface area, or ratio of the surface area to the volume of the aggregates, can be reduced by using aggregates that 

20 have a more unifonn, generally spherical shape. While Increasing the diameter of the aggregates also decreases their 
specific surface area, the diameter Is preferably less than about 0.5 times the cell wall thtekness of the interior matrix, 
more preferably less than 0.3 times, and most preferably less than 0.2 times the cell wall thk:kness. Using fillers with 
a high packing density and low specific surface area minimizes the amount of starch-based binder and water needed 
in the mixture. By minimizing the starch-based binder and solvent, the material costs and processing time to produce 

25 the article are minimized. Furthenmore, the selection of aggregates having specif k: mechanical and physical properties 
can be used to impart these properties to the final articles. For example, the aggregate can help control the specifto 
heat, density, strength, and texture of the final article. One preferred inorgank: aggregate is calcium carbonate. 
[0062] Although increasing the viscosity and yield stress of the starch-based composition helps to prevent settling 
or separation of the solid components within the composition and, of course, aids in the dispersion of the fibrous 

30 component, It may be desired to tower the yield stress and, especially, the viscosity of the moidable composition after 
the fibers have been uniformly dispersed. One reason Is that the inorganic filler component is generally more easily 
dispersed In a lower viscosity mixture, particularfy where a dlspersant \s used. Olspersants are often referred to In the 
concrete industry as Vater-reducers" because they reduce the viscosity of a mixture without the need to add additional 
water to the mixture. Once the fibers have been well dispersed throughout the starch-based composlfion, a dispersant 

35 can be added to aid in the dispersion of the inorganic aggregate filler without disturtjing the level of dispersion of the 
already dispersed fibrous component. In addition, the dispersant makes the starch-based composition more fluid, there- 
by allowing It to flow more easily into the mold whtoh, In turn, has been found to yield mokled articles having a smoother, 
more even surface. 

[0063] Rheology-modifying agents, such as cellulose-based, polysaccharide-based, protein-based, and synthetic 
40 organic materials can be optionally added to control the viscosity and yield stress of the mixture. However, In larger 
amounts they can compete with and tend to impede the gelation process of the starch-based binder. In fact, it has 
been found that the addition of rheology-modifying agents or thickeners other than gelated starch known in the art in 
amounts sufficient to attain the high viscosity and yield stress necessary to disperse most longer-length fibers can 
cause segregation of the material during fonnation of the article and varying porosity and, hence, can reduce the 
45 strength of the final molded article. 

[0064] The drawback of adding large amounts of these thickening agents In addition to or instead of gelated starch 
is at least two-fold. Rrst, such thtokening agents are generally far more expensive Vnan gelated, unmodified starohes. 
Second, they may compete with the gelation reaction of the starch-based binder with water so that, at some point, the 
gelation reaction of the starch-based is severely impeded or inhibited, thereby preventing the starch-based binder from 
50 being the primary binding agent and undemilning the purpose for which the starch-based binder was Included In the 
first place. By gelating at least a portion of the starch-based binder during preparation of the preblended mixture, as 
well as by Increasing the concentration of inorgante filler or decreasing the amount of water in the final moidable mixture, 
the need to add a rheology-modifying agent to obtain a mixture having the desired viscosity and yield stress can be 
greatly reduced or eliminated. 

55 [0065] In any event, the prior art only teaches the use of thickening agents in order to improve the colloidal stability 
of the mixtures. Their use in dispersing longer-length Vbers, even if possible, was not known. Therefore, to the extent 
that one of ordinary skill in the art were to use a thtekening agent and it coincidentally were to aid in dispersing the 
fibers, particularly longer-length fibers, it would certainly fall within the purview of the present inventton. 
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[0066] As a general rule, mixtures that have a high water content yield relatively light, low density articles having 
larger cells or pores in the structural matrix. In contrast, mixtures that have a lower water content yield higher density 
artides having smaller cells or pores within the structural matrix. The formation of the foamed structural matrix is also 
dependent on variables such as the solvent content and the pressure and temperature applied to the mixture. If a 
s rtieotogy-modifying agent is used, it may act as a binder to some extent and may help to increase the strength of the 
arttcie somewhat. 

[0067] Depending on the amount and average length of fibers that are used in the nroldable mixture, it is possible 
for the newly demolded article to be somewhat brittle, particulariy where fewer fibers or those of predominately shorter 
length are employed. Plasticizers, humectants, and porous aggregates impregnated with plasticizers or humectants 

10 may be added to the mixture, In addition to the aforementioned fibers, to increase the flexibility of the articles. Plasti- 
cizers Include materials that can be absorbed by the starch-based binder to soften the structural matrix, which have a 
sufficiently high vapor point so that they are not completely vaporized and removed from the matrix during the molding 
process, and which preferably remain stable after the article is fomied. They may also be absorbed by the fibers, 
maidng them more pliable or flexible. In addition to water, two preferred plasticizers include glycerin and polyethylene 

15 glycol. Humectants, such as MgCi2 and CaCl2, can absorb moisture and tightly bind It within the starch-bound stnjctural 
matrix even after the molding process. This moisture tends to improve the flexibility and resilience of the finished article. 
Porous aggregates and fibers can retain the water or other plasticizing agents during the forming process and then 
disperse them into the matrix of the fomi-stable article to Increase the flexibility of the article. 
[0068] Hydraulically settable binders such as calcium sulfate hemihydrate (CaS04->^H20), may be used as a water 

20 absorption agent within the mixtures of the present invention because it reacts with water to fonn calcium sulfate 
dihydrate (CaS04-2H20). Water absorising components may be used to more quickly Increase the viscosity and form 
stability of the molded article, especially where larger amounts of water are included initially. IHowever, they generally 
do not release the water once bound and are not generally added in order to soften the hardened matrix. Nevertheless, 
at elevated temperatures, such as those experienced during molding of the starch-based composition into the desired 

25 article, the dihydrate fomn of calcium sulfate can release water and revert to the hemihydrate fonn. Upon demoldlng 
such an article containing calcium sulfate hemihydrate, the article will actually stiffen and increase in strength as the 
article Is exposed to moderate amounts of moisture. 

[0069] Other components, such as medium- or long-chain fatty acids, their salts, and their acid derivatives may be 
added to improve the release of the hardened article from the mold. Molds having a polished metal surface, or other 
30 non-stick surface, are also useful in improving or facilitating the release of the aiticle. Cross-linking agents may be 
added to improve the strength and stability of the nnolded artk:les. Integral coating agents may be added, which migrate 
to the surface of the starch-bound matrix as water is being removed therefrom to form a coating at or concentrated 
near the surface of the molded article. 

[0070] Initially, the selected components are preferably blended Into a uniform, moldable mixture using either the 
35 one- or two-step procedure outlined above, the more important variable being the use of a high viscosity, high yield 
stress fluid fraction within the overall composition while the fibers are being dispersed. The mixing can be carried out 
using a high shear mixer, paddle mixer, or an auger extruder, depending on the viscosity of the mixture. It may be 
advantageous in some cases to apply a partial vacuum to the starch-based composition to remove unwanted air voids 
that can create defects in the final mokled article. 
^ [0071] In a preferred embodiment, the moldable mixture is positioned within a heated mold cavity. The heated mold 
cavity may comprise many different embodiments, including molds typically used in conventional injection molding and 
die-press molding processes. In one preferred embodiment, for example, the moldable mixture is placed inside a 
heated female mold. Thereafter, a heated male mold is complementarily mated with the heated female mold, thereby 
positioning the mixture between the molds. As the mixture is heated, the starch-based binder gelates, increasing the 
^5 viscosity and yield stress of the mixture. Simultaneously, the mixture increases in volume within the heated mokis 
cavity as a result of the formation of vapor bubbles from the evaporating solvent, whteh are initially trapped within the 
viscous mixture. 

[0072] Various types of heated molding apparatus known in the art can be used to mass-produce the containers and 
other articles contempiated by the present invention, including those used in wafer baking. Furthermore, conventional 

so expanded polystyrene machines can be modified to produce the inventive articles. 

[0073] As will be discussed later in greater detail, by selectively controlling the thennodynamic parameters applied 
to the mixture {e.g., pressure, temperature, and time), as well as the water content, the mixture can be formed into a 
fomi-stable arttele having a selectively designed foamed stmcturai matrix. That is, the size, quantity, and positioning 
of the pores or cells in the foamed structural matrix can be selecth^ety designed to produce articles having desired 

S5 properties for their intended use. Furthemione, the surface texture and configuratton of the pores within the foamed 
stnjctural matrix can be controlled by selectively varying the temperature between the molds and the temperature along 
the length of the molds. Besides controlling the properties among different molded artides, the properties of a single 
artfcle can be made to vary throughout the article, including varying thickness, varying skin thickness, varying cell 
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structure, and varying density. This may be accomplished, for example, by creating within the molding apparatus dif- 
ferential relative temperatures, or differential temperature zones, throughout the molding apparatus. As a result, dif- 
ferent temperature and processing conditions are imparted to varying locations throughout the same article. 
[0074] Moreover, the unique compositions of the present invention also allow for the manufacture of articles having 

5 varying thickness, such as, e.g., a thicker bottom and thinner side walls of a cup, because of the ability to maintain 
signif rcant amounts of free water within the cellular matrix of the article without destroying the structural integrity of the 
matrix. Thus, while a thk:ker portion of the molded article might contain more free water than a thinner portion, the 
entire article may be demolded at once because of the overall unifonn strength and form stability of the various portions 
within the article. Moreover, any variation in the water content within a newly demokJed article will tend to equilibrate 

10 over time in any event. The ability to have varying wall thicknesses is also enhanced by the greatly increased fracture 
energy imparted by the substantially unifonnly dispersed fibers throughout the matrix. 

[0075] In a preferred embodiment, the articles are formed from the previously discussed fiber-containing mixtures 
to Impart the desired flexibility to the hardened articles without the need for conditioning in high humidity Residual 
water, usually about 2% to about 6% by weight of the artk^le, more preferably from about 3% to about 4% by weight, 

IS is retained within the starch-bound matrix even after the molded arttele has achieved adequate form stability and re- 
sistance to internal pressure so that it can be demolded without significant defonnation of the desired structure of the 
article. It is believed that some of the water retained by the fibers may migrate from the fibers to the hardened starch- 
bound matrix over time, thereby further softening the structural matrix of the article. In addition, further flexibility of the 
molded artrcles may be obtained through conventional conditioning in a high humidity chamber, wherein the articles 

20 are exposed to elevated humidity and temperature over time. However, this procedure is generally unnecessary and 
cost-ineffective, 

[0076] Once the article has been demolded, a coating may be applied in order to seal and provide a more finished 
surface to the artk;le, as well as to provide additional strength. The coating can be applied through various conventional 
processes such as spraying, dipping, sputtering, and painting. In an alternative embodiment, so-called "integral coating 

25 materials" may be added to the mixture prior to the fomnation of the article. If an integral coating agent is used that has 
a similar melting point as the peak temperature of the mixture during the molding process, the individual particles of 
the integral coating agent will tend to migrate to the surface of the article during the heated molding process by the 
outward flow of the vaporizing water. Upon reaching the surface of the molded article they are exposed to elevated 
temperatures which cause the integral coating particles to melt and coalesce together and then congeal or solidify at 

30 or near the surface of the article upon demolding and cooling of the artfcle. Such integral coating materials may Include 
any nnaterial having a melting point that is generally above the boiling point of super heated water within the mokied 
arttele and at or below the maximum temperature of the surface of the article while it is being molded. Integral coating 
agents may include, for example, selected waxes, stearates, shellac, polylactic acid, or any other plastic or polymeric 
material having the stated melting criteria. In addition, liquid materials, such as latexes or polyvinyl alcohol, can be 

35 used to create a general water resistance throughout the foamed cellular matrix. Gelatin can be added to help seal 
the pores at the surface of the article, 

[0077] The resulting articles can be designed to have properties similar or even superior to articles made from con- 
ventional materials, such as paper, papert^oard, polystyrene, metals, plastic, or other natural organto materials. In light 
of the minimal cost of inorganic fillers and the relatively low cost of unmodified starches and fibers, the inventive artteles 
^ can also be made at a fraction of the cost of conventional articles. Finally, the inventive articles are more environmentally 
friendly than conventional articles. For example, the manufacturing process employs no harmful chemicals, emits no 
hamiful emissions into the air or water, depletes no non-renewable resources as a starting raw material for the moldable 
mixtures, and requires only minimal processing energy. Furthermore, the inventive articles generally have low mass, 
are easily recycled, or quickly decompose back into the environment. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0078] In order that the manner in whfch the above-recited and other advantages of the invention are obtained, a 
more particular description of the invention briefly described above will be rendered by reference to a specifk: embod- 
50 iment thereof whteh is illustrated in the appended drawings. Understanding that these drawings depict only a typical 
embodiment of the invention and are not therefore to be considered to be limiting of its scope, the invention will be 
described and explained with additional specificity and detail through the use of the accompanying drawings listed 
hereinbelow. 

[0079] Rgure 1 is a phase diagram showing the temperature and pressure conditions that the mixture is subject to 
55 in one embodiment of the invention during fomiation of the articles. 

[0080] Figure 2 is an enlarged cross-sectional view of the skin and interior section of a hardened article. 

[0081] Figure 2A is a microscopic pk:ture of the cross-section of an article having a relatively thin outer skin and an 

interior section containing relatively targe cells or pores. 
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[0082] Figure 2B is a microscopic picture of the cross-section of an article having a relatively thin outer skin and an 
interior section containing relatively medium cells or pores. 

[0083] Figure 2C is a microscopic picture of the cross-section of an article having a relatively thick outer skin and an 

interior section containing relatively large cells or pores, with longer-length fibers randomly dispersed throughout the 
5 entire cellular matrix. 

[0084] Figure 3 is a cross-sectional view of a male mold and a female mold being mated. 

[0085] Figure 4 is a perspective view of load cells and a mixing apparatus. 

[0086] Figure 5 is a cross-sectional view of an auger extruder apparatus. 

[0087] Figure 6 is a cross-sectional view of a two-stage injector. 
10 [0088] Figure 7 is a cross-sectional view of a reciprocating screw Injector. 

[0089] Figure 8 Is a perspective view of a male nrK>ld and a female mold. 

[0090] Figure 9 is a cross-sectional view of a female mold being filled with a moldable mixture by a filling spout. 
[0091] Figure 1 0 is a cross-sectional view of a male mold and the female motel of Figure 9 being mated. 
[0092] Rgure 11 is a cross-sectional view of the Inventive arttele being mokJed between nfiated male and female 
f5 molds of Figure 1 0. 

[0093] Figure 11 A is an enlarged cross-sectional view of the vent holes between the mated male mold and female 
molds of Figure 11. 

[0094] Figure 12 is a cross-sectional view of the female mold equipped with a scraper blade to remove excess 
material. 

20 [0095] Figure 1 3 is a cross-sectional view of a dual mold. 

[0096] Figure 1 4 is a cross-secttonat view of a split mold with suction nozzle. 
[0097] Figure 1 5 is a perspective view of a heated molding apparatus. 

[0098] Figure 1 6 is a perspective view of a mold in the filling position in the heated molding apparatus of Rgure 15. 
[0099] Figure 1 7 is a perspective view of a scraper blade operating with the heated molding apparatus of Figure 15. 
25 [0100] Figure 1 8 is a cross-sectional view of a female mold and male mold used in a conventional expanded poly- 
styrene machine. 

[01 01] Figure 1 9 is a cross-sectional view of the molds of Figure 1 8 in a mated position. 

[01 02] Figure 20 shows a graph illustrating the yield stress and viscosity of a mixture containing 50 g gelated starch 
and 800 g water. 

30 [0103] Figure 21 shows a graph illustrating the yietel stress and viscosity of a mixture containing 1 00 g gelated starch 
and 800 g water. 

[0104] Figure 22 shows a graph illustrating the effect of Including varying amounts of pre-gelatinized starch on yield 
stress. 

[0105] Figure 23 shows a graph illustrating the effect of including varying amounts of pre-gelatinized starch on vis- 
35 cosity. 

[0106] Figure 24 shows a graph illustrating the effect of including varying amounts of pre-gelatinized starch on the 
yield stress and viscosity of a final mixture. 

[0107] Figure 25 shows a graph illustrating the effect of water content in a moldable mixture on the skin thickness 
of a final product 

40 [0108] Rgure 26 shows a graph illustrating the effect of water content in a moldable mixture on the internal cell 
diameter of a foamed product. 

[0109] Figure 27 shows a graph Illustrating the effect of shear rate on viscosity for a moldable mixture containing 
900 g water. 

[0110] Rgure 28 shows a graph illustrating the effect of shear rate on viscosity for a moldable mixturB containing 
45 1 300 g water. 

[0111] Figure 29 shows a graph illustrating the effect of shear rate on yield stress for a moldable mixture containing 
1 300 g water. 

[0112] Figure 30 shows a graph illustrating the effect of shear rate on viscosity for a moldable mixture containing 
1300 g water 

so [01 13] Rgure 31 shows a graph illustrating the effect of shearing time on viscosity for a moldable mixture containing 
1300 g water. 

[0114] Rgure 32 shows a graph illustrating the effect of shear rate on viscosity for a moldable mixture containing 
1 500 g water. 

[01 1 S] Rgure 33 shows a graph illustrating the effect of shear rate on yield stress for a moldable mixture containing 
S5 1 500 g water. 

[01 1 6] Figure 34 shows a graph illustrating the normalized fracture energy of starch-based materials of the Invention 
and a conventional starch material. 

[01 1 7] Figure 35 is a perspective view of a molding apparatus for mass production of articles. 
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[0118] Rgure 36 is a perspective view of a mold In the filling position in the molding apparatus of Figure 35. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 I. INTRODUCTION. 

[01 1 9] The present invention is directed to novel methods for obtaining moldable starch-based corhpositions having 
substantially unifomnly dispersed fibers, and articles manufactured therefrom. The fibers are uniformly dispersed by 
means of a high yield stress, high viscosity fluid fraction within the overall composition. The articles made from such 
10 compositions have a foamed, fiber-reinforced, organically-bound structural matrix. The inventive compositlor^s Include 
a variety of environmentally safe components, including a starch-based binder, water, and fibers, as well as optional 
admixtures such as inorganic filters, mold-releasing agents, rheology-modifying agents, cross-linkers, plasticizers, hu- 
mectants, dispersants, organic aggregates, and Integral coating materials. 

[0120] A materials science and micnostructural engineering approach is used to select the type, proportion, and other 

IS characteristics of each component that, when blended together, will result in a moldable starch-based composition and 
subsequent final product having the desired properties at an optimal cost. The desired properties are dependent on 
the required handling and the Intended use of the finished article. The optimal cost is obtained by selecting conrponents 
that will maximize production output while minimizing material and production costs. By using a microstructural engi- 
neering approach, the compositions and methods of the present invention yield a variety of articles, including contaln- 

20 ers. plates, cups, *clam shell" containers, platters, cartons, and other types of containers and articles having mechanical 
properties substantially similar or even superior to articles manufactured using conventional materials, such as paper, 
polystyrene foam, plastic, metal and glass. The inventive articles can often be made at a fraction of the cost of their 
conventional counterparts due to their inclusion of the aforementioned components, which are generally very Inexpen- 
sive, particularly the inorganic aggregate filler component, and also because of lower processing energy requirements. 

2s [01 21] Moreover, the manufacturing processes and resulting articles are less harmful to the environment compared 
to conventional materials and processes. First, theoretically al! of the waste associated with the manufacturing process 
can be directly recycled back Into the production line. Second, once the generally disposable articles have fulfilled their 
intended use. the starch-bound articles are easily recycled into other articles or similar materials with minimum process- 
ing. Third, If disposed of, the starch-based binder and other organic components of the articles are in a state which 

' 30 makes them quickly dissolve and/or btodegrade In the presence of moisture, while the inorganto filler is already largely 
compatible with the earth Into which it may be disposed. Fourth, the inventive articles are of generally low mass and 
volume. 

[0122] Preferred starch-based compositions from which the articles of the present invention are molded include a 
starch-based binder, such as potato, com, waxy com, rice, or wheat starch, or their cereal grain precursors, water, 

35 well-dispersed fibers having an aspect ratio of at least about 25:1 and an average length that Is preferably at least 2 
mm, and, optionally, an Inorganic aggregate such as calcium cartjonate. The addition of well-dispersed fibers of high 
aspect ratio or longer-length (and optionally, sign if leant concentrations of inorganic aggregate filler) permits the articles 
to be more quickly molded and demolded, less expensive, more environmentally safe, and more resistant to heat 
compared to articles made with only minimal amounts of inorganic filler and no well-dispersed fibers. The materials 

40 and articles of tiie present invention may be referred to as "inorganically filled" or "highly inorganically filled" materials 
or artteles if they include an inorganic filler. 

[0123] The preferred method for preparing the starch-based compositions of the present Invention involves a two- 
step process. First, a prebtended mixture is prepared that includes a portion of the starch-based binder and water, and 
substantially all of the fibers to be dispersed. The fibers are thoroughly and evenly dispersed throughout the preblended 

45 mixture by raising the yield stress and viscosity of the fluid fraction within the preblended mixture, which allows for a 
much more efficient transfer of the shear forces produced by the mixing apparatus compared to typical fiber slurries 
employing relatively large amounts of water. The viscosity and yield stress of the fluid fraction is increased by geiating 
the starch-based binder, whrch can be acconnplished by raising the temperature of the preblended mixture to the ge- 
fatten temperature of the starch-based binder, usually around 65*'C for unmodified potato starch. Alternatively, the 

so viscosity and yield stress can be increased by using a pre-gelated starch, a modified starch that will gelate when mixed 
with water at room temperature, or other thickening agents known in the art. If a thickening agent other than starch is 
used, it is preferably used to assist rather than take the place of gelatinized starch in preparing the high viscosity, high 
yield stress fluid fraction. In the event that heat is used to gelate the starch-based binder, it will usually be preferable 
to cool the preblended mixture to below the gelation temperature before adding the remainder of the starch-based 

ss binder. Finally, the moldable starch-based composition is prepared by simply mixing into the preblended mixture the 
remaining starch-based binder, water, and other admixtures. 

[0124] In an alternative embodinnent. the final moldable starch-base composition is prepared in a single step by 
adding enough pregelatinized starch, modified starch, or other appropriate thtekener to the starch-based composition 
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in order to raise the viscosity and yield stress of tlie fluid fraction to levels sufficient to adequately and homogeneously 
disperse the fibers. 

[0125] The fibers so dispersed within the moldable starch-based composition increase the fomi stability and resist- 
ance to internal pressure of the cellular matrix of the molded articles, which allows them to be more easily demolded 

s without having to remove substantially all the water from the starch-bound matrix. This is due in part to the lattice effect 
of the fibers, which reinforces the semi-hardened, starch-bound matrix and allows it to be demolded and handled 
without significant deformation or further expansion of the desired shape of the demolded article. In addition, the fibers 
are able to more tightly hojd, and thereby retain, water within the striKrtural matrix compared to the starch-bound binder. 
As a result, moisture that is retained within the fibers can migrate into and soften the othenvbe brittle stmctural matrix 

10 of the starch-based binder after the article has been dennoided. 

[01 26] These effects imparted by the fibers allow the demolded articles to be less brittle and have increased flexibility 
and resilience Immediately or shortly after being demolded. This obviates, or at least greatly reduces, the need for 
subsequent conditioning of the starch-bound matrix using high humidity or the addition of oils, plasticizers, or other 
toughening agents. The fibers also increase the fracture energy and toughness of the final articles. 

IS [0127] Other admixtures can be added to the starch-based composition to impart desired properties to the articles. 
For example, rtieology-modifying agents and dispersants can be added to additionally regulate the viscosity and yield 
stress of the composition beyond that already Imparted by the starch-based binder and solid components. Plasticizers 
and humectants can be used for imparting additional flexibility to the molded articles. Other additives Include disper- 
sants, which decreasetheviscosity of the composition without additional solvent, and integral coating or intemal sealing 

20 materials, which can form a coating on the surface or within the interior of the articles during the formation process. 
Aggregate particles upon which ettringite has been fomied may be used to improve the interaction between the ag- 
gregate particles and starch-based binder, integral coating agents that react during the molding process to coat the 
article or provide intemal sealing can be added. 

[0128] Once a desired starch-based composition has been prepared, It is positioned within a heated mold cavity. 

^ The heated mold cavity may comprise many different embodiments, including molds typically used in conventional 
injection molding processes and die-press molding. In a prefen-ed embodiment, the starch-based composition is placed 
inside a heated female mold. A heated male mold is then complementarify mated with the heated female mold, thereby 
positioning the composition between the molds. By carefully controlling the temperature and pressure applied to the 
mixture, as well as the viscosity and solvent content, the composition can be rapidly fomied into fomi-stable articles 

30 having a selectively designed foamed structural matrix. Furthemiore, the strength and flexibility of the molded articles 
can be controlled by regulating the fiber length and content within the structural matrix. In general, the surface texture, 
strength properties, flexibility, and the fomiatlon of the pores within the stmctural matrix can be selectively controlled 
by varying the components and their relative concentrations within the composition as well as the themnodynamic 
processing conditions. This allows for the manufacture of a wide variety of containers and other articles having greatly 

35 varying thermal and mechanical properties corresponding to the performance criteria of the article. 

[0129] In the prefen-ed embodiment, the articles are fomied having the desired flexibility and toughness for their 
intended use immediately or shortly after being demolded. Nevertheless, if desired, conventional conditioning proce- 
dures using high-humidity can be used to further increase the flexibility and toughness of the final articles. In the high- 
humidity conditioning procedure, water is absort>ed by the hydrophilic starch-based binder, thereby softening and ren- 

40 dering the structural matrix less brittle. Of course, because the starch-based binder has a natural affinity for water, it 
can absort) moisture from ambient air in a relatively short period of time after the article has been demolded. 
[01 30] Finally, coatings can be applied to the surface of the articles of the present invention In order to protect them 
from moisture or othenwise render them impermeable to an attacking agent. Coatings can be applied to the demolded 
article using conventional coating means known in the art. or they may be fomried in situ by the use of integral coating 

<5 materials capable of migrating to the surface of the article during the molding process and then solidifying at or near 
the surface of the article. Altematively, or in addition to "integral coating", an internal sealing material that does not 
migrate to the surface may be employed to render the starch-bound matrix water generally water-resistant. Subsequent 
processing of the articles may also Include printing, stacking, and boxing. 

so II.DEFINmONS. 

[0131] The temns "starch-based composition", "moldable starch-based composition", "moldable compositton". "com- 
position", "moldable mixture", or "mixture", as used in the specification and the appended claims, have interchangeable 
meanings and shall refer to a composition that can be fornied Into the articles which are disclosed and claimed herein. 
55 Such compositions are characterized by having a starch-based binder, well-dispersed fibers, and a gelation solvent 
that typically comprises water. The composition may also include other admixtures, such as an .inorganic filler or ag- 
gregate (up to about 80% by weight of the total solids in the mixture), mold-releasing agents, organic aggregates, 
dispersants, cross-linkers, rtieology-modifying agents, plasticizers, humectants, or integral coating materials. If an In- 
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organic filler is used, the moldable mixture will often be refen-ed to as an "inorganically filled moldable composition." 
In light of the wide variety of admixtures that can be added, the moldable compositions can have a wide range of 
viscosities, from an apparent viscosity measured at a shear rate of 5 s*^ as low as about 3 Pa s up to as high as about 
3000 Pa s, measured at a shear rate of 5 s-V In addition, because the compositions will have an approximate Bingha- 
s mian plastk: behavior they can have a wide range of yield stresses, from as tow as about 1 0 Pa, up to as high as about 
10.000 Pa. 

[0132] The term "preblended mixture', as used in the specif ication and the appended claims, shall refer to any mixture 
having a sufTidently high yield stress and viscosity fluid fraction to result In uniform dispersion of the fibrous component. 
The preblended mfatture will generally contain a gelatinized stanch-based binder, water, and unifomnly dispersed fibers. 

10 [0133] The tenns "fluid fraction", "fluid system", or "liquid fraction", as used In the specification and the appended 
claims, shall refer to the fluid or liquid component within either the preblended mixture or starch-based composition 
minus the actual solids or solid components that are not dissolved within the fluid fraction. The fluid fraction includes 
all components that are dissolved therein, even materials that were Initially solid or which will return to a solid state 
later In the nwlding process. The fluid fraction is characterized as having approximate Blnghamlan flow characteristics 

'5 {/.e., having a measurable yield stress] as opposed to a Newtonian flow {/.a, having essentlaHy no yield stress regard- 
less of whether or not it has a high viscosity). It is important to understand that the ability to unlfomily disperse the 
fibers throughout the starch-based composition is determined primarily by the rheology of the fluid fraction as opposed 
to the mixture as a whole. In fact, adding solid components, such as fibers and aggregates, to the mixture is known to 
increase both the yield stress and viscosity of the mixture. However, simply increasing the yield stress and viscosity 

20 of the mixture will not result in the high degree of fiber dispersion that is obtained through the use of a high yield stress 
fluid fraction; hence, the Importance of adding gelatinized starch or other appropriate water soluble thickening agent 
to the fluid fraction. 

[0134] The terms "thtekener" or thickening agent", as used in the speclffcation and the appended claims, refers to 
any generally water soluble or water dispersibte material that can be used to increase the yield stress of the fluid fraction 
25 and thereby aid in the dispersion of the fibers throughout the fluid fraction. The thickener or thickening agent works by 
appropriately increasing the yield stress of the fluid fraction to a level in which the shear forces from the mixer can be 
transferred through the fluid fraction down to the fiber level. A preferred low cost, high perfomiance thickening agent 
is pregelated starch, which, upon the removal of water therefrom, can also act as a binder. 

[0135] The term "starch-based binder*, as used in the specification and the appended claims, refers to any starch 

30 or starch derivative that can act as a binder through the gelation of the starch-based binder In water and the subsequent 
removal of at least part of the water from the starch-based gel. 'Starch-based binder" shall refer to any such binding 
agent without regard to the extent of gelation or removal of water Therefore, any starch or starch derivative shall fall 
within the broad definition of "starch-based binder" whether modified or unmodified, gelated or ungelated, dispersed 
or dissolved In water or hardened through the removal of part or all of the water from the starch-based gel. The terni 

35 "starch-based gel" shall refer to an aqueous gel formed by the gelation, or gelatin Ization, of a starch-based binder in 
an aqueous solution, which is akin to dissolution of the starch-based binder. It does not refer to what has been refen-ed 
to in the art as a "hot melt" or "destructurized starch", which generally require the application of elevated temperatures 
and extremely high pressures (>600 Bars) for an extended period and with low water content in order for the starch to 
pass through a "glass transition phase" and thereby act as a themioplastlc. In a hot melt, low concentrations of water 

^0 are sometime added, not to dissolve or gelate the starch, but rather to plastidze or soften the hot melt. Nor does the 
hot melt solkiify through the removal of such water, but rather upon lowering the heat and pressure. 
[0136] As used in the specification and the appended claims, the term "total solids" includes the actual solids, together 
with all admixtures that are added to either the preblended mixture or starch-based composition that are initially in a 
solid or semi-solid state before being dissolved into the fluid fraction. Hence, thetenm "total solids" includes any portion 

^ of, e.g., the starch-based binder or any other admixture that may at some point be dissolved by water and become 
part of the fluid fraction until a substantial portion of the water is removed by evaporation in order to fonn the cellular 
structural matrix. For purposes of detennining the relative concentrations of the components within the starch-based 
mixture, the term "total solids" will refer to the actual solids and all components that are initially In a solid state but 
whteh may at some point be dissolved within the fluid fraction. 

so [0137] The temfis "fiber-reinforced cellular matrix", "cellular matrix", "foamed cellular matrix", "starch-bound cellular 
matrix", "staich-bound matrix", or "starch -bound materiaP, as used in the spedfk^ation and the appended claims, are 
Interchangeable and shall refer to the substantially hardened structure of the arttele fonned by heating the moldable 
mixture as described herein. The temns also refer to any starch-bound material in which there has been a net increase 
in the volume of the final molded artfcle compared to the initial volume of the moldable mixture. Such increase can be 

55 as low as 2%, but can be as high as 10 times (1000%) or more. In the case where an inorganic filler is added to the 
matrix, it may also be referred to as. e.g., an "inorganically filled cellular matrix" or "inorganically filled matrix". 
[0138] The temi "hardening", as used in this specifk:ation and the appended claims, refers to the process of gelation 
of the starch-based binder and simultaneous removal of solvent frcm the moldable mixture to produce a form-stable 



16 



EP 0 804 331 B1 



article. The term "hardening", however, is not limited by the extent of gelation or the amount of solvent removed. 
[0139] The term "form-stable", as used in the specification and the appended claims, means that the starch-bound 
matrix of the newly demolded article has sufficient strength and structural integrity that it can be removed from the 
mold, support its own weight against the force of gravity, and resist significant defonmation when exposed to subsequent 
5 processing and handling. Furthemiore, the term "form -stable" means that the article has sufficient solvent removed 
from its matrix so that the article will not bubble or crack as a result of vapor expansion once the article is removed 
from the molds. 

[0140] The terms "article", "molded article', "starch -bound article", and "article of manufacture", as used in the spec* 
ificatlon and the appended claims, are intended to include any article that can be formed using the disclosed compo- 
10 sitlons and processes. Exanples of such articles include containers, such as food and beverage containers and pack- 
aging containers. Articles within the scope of this invention also include such disparate objects as cutlery, lightweight 
cushioning materials, mailing tubes, and light fixtures. 

[0141] The tenms "container" or "containers", as used in the specification and the appended claims, are intended to 
include any receptacle or vessel utilized for. e.g,, packaging, storing, shipping, serving, portioning, or dispensing various 
15 types of products or objects (including both solids and liquids), whether such use is intended to be for a short-term or 
a long-term duration of thne. 

[0142] Containers within the scope of this Invention Include, but are not limited to, the following: cartons, boxes, 
sandwteh containers, hinged or two-part "clam shell" containers, dry cereal boxes, frozen food boxes, milk cartons, 
fruit Juice containers, carriers for beverage containers, ice cream cartons, cups (Including, but not limited to, disposable 

20 drinking cups and cone cups), french fry scoops, fast-food cany out boxes, packaging, support trays (for supporting 
products such as cookies and candy bars), cans, yoghurt containers, sleeves, cigar boxes, confectionery boxes, boxes 
for cosmetics, plates, vending plates, pie plates, trays, baking trays, bowls, breakfast plates, microwaveable dinner 
trays, "TV" dinner trays, egg cartons, meat packaging platters, disposable single use liners whbh can be utilized with 
containers such as cups or food containers, cushbning materials {I.e., "peanuts"), bottles, jars, cases, crates, dishes, 

25 and an endless variety of other objects. 

[0143] The container is defined as being capable of holding its contents, whether stationary or in movement or han- 
dling, while maintaining its stmctural integrity and that of the materials contained therein or thereon, according to its 
designated use. This does not mean that the container is required to withstand strong or even minimal external forces. 
In fact, it may be desirable in some cases for a particular container to be extremely fragile or perishable. The container 

30 should, however, be capable of perfomiing the function for which It was intended over the intended duration of time. 
[0144] Containment products used in conjunction with the containers are also intended to be Included within the term 
"containers." Such products Include, for example, lids, straws, interior packaging, such as partitions, liners, anchor 
pads, comer braces, comer protectors, clearance pads, hinged sheets, trays, funnels, cushioning materials, and other 
objects used in packaging, storing, shipping, portioning, serving, or dispensing an object within a container. 

35 [01 45] The containers within the purview of the present invention may or may not be classified as being "disposable" 
{i.e., manufactured for a single-service or one-time use). In some cases, where a stronger, more durable construction 
is required, the container might be capable of repeated use. A "disposable" article of the present invention will usually 
be discarded (or recycled) after the duration of its intended use has expired. If produced en mass and then discarded, 
the articles of the present invention have a composition that is easily degraded into environmentally neutral components 

<o compattt)le with the earth into whk:h they may be placed. The starch-bound matrix is quickly destroyed when exposed 
to moisture and the components easily recycled or composted. 

[0146] The articles within the scope of the present invention can have greatly varying thicknesses depending on the 
partteular application for whtoh the article is intended. They can be as thin as about 1 mm for use in, e.g., a cup; 
however, they may be as thick as needed where strength, durability, and or bulk are important considerations. For 
45 example, the article may be up to about 1 0 cm thtok or more to act as a specialized packing container or cooler. 
Nevertheless, most artbles will preferably have a thickness in a range from about 0.5 mm to about 5 mm, more pref- 
erably from about 1 mm to about 3 mm. 

[0147] The phrases "mass-producible" or manufactured in a 'commerdar or "economk:ally feasible" manner, as 
used in the speclfk;atk)n and the appended claims, shall refer to the capability of rapidly producing artteies a! a rate 
so that makes their manufacture economteally comparable or even superior to articles made from conventional materials, 
such as paper, paperboard, polystyrene, plastic, or metal. 

[0146] The containers and other artfcles made from inorganically filled materials are intended to be competitive in 
the mari^etplace with such articles currently made of various materials, such as paper, plastic, polystyrene, or metals. 
Hence, the artkHes of the present invention must be economical to manufacture {I.e., the cost will usually not exceed 
55 a few cents per item). Such cost restraints thus require automated production of thousands of the articles in a very 
short period of time. Hence, requiring the artk:les of the present invention to be economteally mass-produced is a 
significant limitation on the qualities of the materials and products. 



17 



EP 0 804 331 B1 



III. CONCEPTUAL OVERVIEW OF FORMATION PROCESS. 
A. Microstructural Engineering Design . 

s [0149] The stanch-bound materials of the present invention are developed from the perspective of microstnjctural 
engineering in order to build into the microstructure of the material certain desired, predetennined properties, while at 
the same time remaining cognizant of costs and other manufacturing complications. Furthemnore, this microstnictural 
engineering analysis approach, in contrast to the traditional trlal-and-error, mix-and-test approach, has resulted in the 
ability to design starch-bound materials with those properties of strength, weight, flexibility, insulation, cost, and envi- 

10 ronmental neutrality that are necessary for the production of functional and useful containers and other articles. 

[0150] The number of different raw materials available to engineer a specific product is enomious, with estimates 
ranging from between fifty thousand and eighty thousand. They can t>e drawn from such dlsparatety broad classes as 
metals, polymers, elastomers, ceramics, glasses, composites, and cements. Within a given dass, there is some com- 
monality in properties, processing, and use-patterns. Ceramics, for instance, have a high nniodulus of elasticity, while 

fs polymers have a low modulus; metals can be shaped by casting and forging, while composites require lay-up or special 
molding techniques; hydraulically settabte materials, including those made from hydraulic cements, historically have 
low flexural strength, while elastomers have high flexurat strength and elongation before rupture. 
[01 51 ] Compartmentallzation of material properties, however, has its dangers; it can lead to specialization (the met- 
allurgist who knows nothing of ceramics) and to conservative thinking (%ve use steel because that is what we have 

20 always used"). It is this specialization and conservative thinking that has limited the consideration of using starch- 
bound materials for a variety of products, such as in the manufacture of containers and other packaging materials. 
[0152] Nevertheless, once it is realized that starch-bound materials have such a wide utility and can be designed 
and microstructuraliy engineered to have desired properties, then their applicability to a variety of possible products 
becomes appreciable. Such materials have an additional advantage over other conventional materials, in that they 

25 gain their properties under relatively gentle, nondamaging, inexpensive conditions. (Other materials often require high 
energy, severe heat, or harsh chemical processing that significantly affect the material components and cost of man- 
ufacturing.) Moreover, certain conventional materials, or components thereof, can be incorporated into the materials 
of the present invention with surprising synergistic properties or results. 

[0153] The design of the compositions of the present invention has been developed and narrowed, first by primary 
30 constraints dbtated by the design, and then by seeking the subset of materials which maximizes the performance of 
the components. At all times during the process, however, it is Important to realize the necessity of designing products 
which can be manufactured in a cost-competitive process. 

[0154] Primary constraints In materials selection are detennined by the properties necessary for the article to function 
successfully In its intended use. With respect to a food and beverage container, for example, those primary constraints 

35 include minimal weight, strength (both compressive and tensile), flexibility, and toughness requirements, while simul- 
taneously keeping the cost comparable to its paper, plastic, polystyrene or metal counterparts. 
[01 55] In its simplest form, the process of using materials science to microstructuraliy engineer and design an inor- 
ganically filled article requires an understanding of the Interrelationships between each of the mixture components, the 
processes parameters (e.g. time, temperature, pressure, humidity), the mixture properties; and the properties of the 

40 final articles. By understanding the interrelationships between the variables at both the macro and micro level, one 
skilled in the art can select proportions of desired components that can be processed under selected conditions to 
produce articles that have desired properties for an intended use at a minimum cost. 

[01 56] The intOTelationships between the variables will be discussed at selected locations hereafter where the var- 
iables are introduced and defined. Specif y compositions are set forth in the examples given below In order to demon- 
<5 strate how the selection of variables can optimize properties. . 

B. Processing Concepts and Variables. 

[0157] The present section discusses the underlying concepts and processing variables used in manufacturing the 
so artteles of the present inventk>n. A detailed description of the mechanteal apparatus and systems used in the manu- 
facturing process will be provided in a subsequent section. 

[0158] The preferred starch-based compositions of the present invention are prepared by combining selected com- 
ponents and blending them in a two-step process until a homogeneous, moldable mixture having well-dispersed com- 
ponents is formed. The first step involves the prepamtion of a preblended mixture having high viscosity and yield stress 
S5 ftuki or liquid fraction in order to more thoroughly disperse the fibers, preferably longer-length fibers, within the prel> 
lended mixture. The ability to thus include fibers that were difficutt, if not imposstole, to adequately disperse in the past 
is a key inventive feature that greatly improved the final strength and other perfonnance properties of the molded 
articles. The inclusion of fibers, preferably long fibers having an average length greater than about 2 mm, greatly 
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increases the strength and flexibility of the formed articles, and aids in creating a fonu stable and internal pressure 
resistant product without removing all of the water from the article as it is being molded. This results from the reinforcing 
effect of the well-dispersed fibers fomiing a fiber matrix, lattice structure, or skeleton that strengthens the newly fomned 
starch-bound structural matrix of the articles. In order to take full advantage of the properties added by the fibers, it is 
s greatly preferred that the fibers to be unifomnly dispersed throughout the starch -bound conrtposition and have an aspect 
ratio that is at least about 25:1. preferably greater, tt has also been found that shorter fibers (/.a, those having an 
average length between about 0.3 mm to about 2 mm) can yield an adequate product as long as the aspect ratio and 
overall fiber length are kept high. 

[01 59] Before it was discovered that increasing the viscosity and yIeM stress of the fluid fraction within the composition 
10 would result in better transfer of shear to disperse the fibers, compared to simply adding more water, it was particularly 
difficult to get a unifomn dispersion of fibers throughout a starch-based mixture, with longer-length fibers being partic- 
ularly difficult to disperse. Only a reduced amount of fiber loading was possible, and only using shorter fibers having 
an average length between 0-1 .5 mm. Because even these shorter fibers could only be partially dispersed, such mix- 
tures yielded articles having properties that were far inferior to the arttetes of the present invention. If one attempted 
f 5 to disperse fibers, particularly long-length fibers, within a typically nonviscous aqueous slurry, the shear forces Imparted 
by the mixer to the water did not transfer down to the fiber level because of the low viscosity, and especially because 
of the very low yield stress, of the liquid fraction . Simply increasing the shear rate of the mixing apparatus was ineffective 
and usually led to the formation of fibrous clumps or nodules. 

[0160] For example, in the paper industry wood pulp fibers are typically dispersed in an aqueous slurry having a 
20 suspension of 4% by weight of fiber and 96% by weight of water Even if dispersion is achieved, a large amount of 
energy is then required in order to remove the water from such slurries, which may contain even larger amounts of 
water up to about 99.5% by volume. Because so much water must be removed from paper stunies. it is necessary to 
literally suck water out of the slurry even before the drying process is begun. 

[01 61] Such an approach as used in the paper industry would not work in trying to disperse fibers in a starch-based 

25 mixture since there would remain the expensive procedure of removing the large excess of water. The process of 
removing the water would result in large fiber nodules rather than the desired dispersion of the fibers. In contrast to 
the way fibers are dispersed in the paper industry using a very high water content, the method of the present invention 
uses comparatively low water content and increased viscosity and yield stress caused by gelating a portion of the 
starch-based binder within the starch-based composition, preferably by first preparing a preblended mixture. 

30 [0162] In preparing the preferred preblended mixture, a fibrous material having individual fibers with an average 
length preferably greater than about 2 mm and up to about 25 mm is mixed with a portion of the water to lorn an initial 
mixture. A portion of the starch-based binder is then added to the initial mixture to fomi a preblended mixture. The 
starch-based binder in the preblended mixture is gelated by heating the mixture to the gelation temperature to appro- 
priately increase the viscosity and yield stress of the fluid fraction, whteh Is essential in dispersing the fibers. The 

35 preblended mixture is then mixed at high shear for an effective amount of time to disperse the fibers therein. The 
Increased viscosity and yield stress has been found to aid in transfer of the shearing energy from the mixer through 
the liquid fraction to the fibers. In contrast, low viscosity and low yield stress mixtures having a high water content are 
unable to impart the requisite shear energy at the fiber level, which energy is mostly dissipated into the water 
[0163] The preblended mixture is then cooled to below the gelation temperature of the starch, after which the re- 

40 maintng starch-based binder, water, and other admixtures (including, optionally, an inorganic filler) are thoroughly mixed 
within the preblended mixture to fomn the desired starch-based composition. The moldabie composition can then be 
used to produce any article having a desired shape and a foamed structural matrix, with the article usually being fomv 
stable within about 30 seconds to about 2 minutes after the molding process has begun (i.e., the mixture first being 
positioned between the dies). 

45 [0164] A more detailed description of the above methods for preparing the preblended mixture is as follows. A fibrous 
material, preferably one that includes individual fibers having an average length of at least about 2 mm, is mixed with 
a portion of the total water to be added to fomn an initial mixture. The fibrous material may include fibers having an 
average length up to about 25 mm. Preferred fibers include softwood fibers from dry pulp sheets that have an average 
fdser length of about 3.5 mm, or abaca fibers having an average length of about 6.5 mm. The fibers are included in an 

50 amount in a range from about 1 % to about 40% by weight of the starch-based composition, and preferably in a range 
from about 2% to about 20% by weight, and more preferably in a range from about 3% to about 10% by weight. The 
portion of water that is added to the preblended mixture is in a range from at>out 10% to about 90% by weight of the 
total water to be added to the starch-based composition, with about 25% to about 75% by weight being more preferred, 
and from about 40% to about 60% being most preferred. The amount of total water that will be added is selected based 

55 on the desired density of the final product and will preferably be included in a broad range from about 15% to about 
80% by weight of the starch-based composition depending on the desired viscosity and yield stress of the final conn- 
position, and more preferably in a range from about*30% to about 70% by weight. Generally, the density of the final 
produ(^ is inversely proportional to the water content so that less water results in a higher density final product, while 
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more water results in more foaming and a lower density final product. 

[0165] An initial portion of the starch-based binder is then added to the initial mixture and then gelated, thereby 
forming the preblended mixture. The fraction of the starch-based binder that is added to form the preblended mixture 
is detemiined by the desired level of viscosity and yield stress, which should be large enough to adequately transfer 

5 sufficient shearing forces to dispense the particular fiber being used. Generally, the longer the average fiber length, the 
greater the viscosity and yield stress that is required to adequately disperse the fibers. Preferably, the fraction of the 
starch-based binder added to form the preblended mixture will comprise from at>out 5% to about 70% by weight of the 
total starch-based binder to be added to the final moldable mixture, with from about 1 0% to aboiJt 50% by weight being 
more preferred and from about 10% to about 30% being most prefeaed. 

10 [01 66] The starch-based binder in the preblended mixture Is then gelated by heating the mixture to above the gelation 
temperature of the starch-based binder, which Is usually greater than about 65'C for unmodified starches, such as 
potato starch. The preblended mixture may be heated by using microwaves when fonning the preblended mixture on 
a small scale, or by adding preheated water to the Initial mixture. In an industrial setting, it may be more preferable to 
first mix the fibrous material with the initial portion of the starch-based binder. After this, the dry mixture is placed Into 

IS a large high shear mixer and preheated water is pumped into the large mixer, thereby gelating the starch-based binder 
as mbcing proceeds. 

[01 67] I n alternative embodiments, the starch-based binder added to fomri the preblended mixture can be pregelated, 
or a mixture of pregelated and ungelated starch can be used . The viscosity and yield stress of the fluid fraction increases 
as the starch-based binder gelates and thickens the mixture. The viscosity and yield stress of the preblended mixture 

20 can be controlled by varying the respective amounts of starch -based binder and water that are used. Preferably, the 
yield stress of the fluid fraction used to initially disperse the fibers within the preblended mixture wilt be at least about 
1 0 Pa, up to about 5000 Pa. preferably in a range from about 20 Pa to about 2000 Pa, more preferably from about 50 
Pa to about 1000 Pa, and most preferably from about 100 Pa to about 500 Pa. It has been found that there is a nfiore 
direct conreiation between the yield stress of the fluid fraction and the ability to unifomnly and homogeneously disperse 

2s the fibers within a mixture than between viscosity and fiber dispersion. In fact, even highly viscous mixtures, if they 
have little or no yield stress, are generally unable to adequately and uniformly disperse the fibers. 
[0168] Nevertheless, although the viscosity of the fluid fraction is less important than maintaining the yield stress at 
an appropriate level, the fluid fraction will generally have an apparent viscosity of at least about 3 Pa*s, up to about 
3000 Pa s, preferably in a range from about 5 Pa-s to about 1000 Pa s, more preferably from about 10 Pa-s to about 

30 600 Pa*s, and most preferably from about 30 Pa-s to about 200 Pa-s (as measured on a Paar-Physica viscometer at 
a shear rate of 5 s'^). The "plastic viscosity" of the same preblended mixture, when detennined by the best fit line on 
a flow curve at a shear rate between 60 s*^ to 100 s-\ will fail generally within a broad range from at least about 0.1 
Pa-s, up to about 100 Pa-s, preferably in a range from about 0.5 Pa s to about 100 Pa-s, more preferably from about 
0.5 Pa s to about 50 Pa s, and most preferably from about 0.5 Pa s to about 20 Pa s. 

35 [0169] The preblended mixture is mixed at high shear for at least about 10 minutes and up to about 2 hours, and 
preferably from about 10 to 30 minutes, in order to thoroughly disperse the fibers. The length of the mixing time of the 
preblended mixture depends on the viscosity and yield stress of the fluid fraction and the concentration of fibers therein, 
with more fibers generally requiring a longer mixing time. If either a one-step or two-step mixing procedure is used, 
the foregoing numbers for the preblended mixture closely approximate the preferred yield stress and viscosity of the 

40 liquid fraction within any appropriate mixture whenever it is desired to homogeneously disperse the fibrous component 
therein. 

[01 70] At some point after the starch-based binder has been gelated, the preblended mixture is cooled down to below 
the gelation temperature of the starch-based binder, preferably below about 40**C. This may advantageously be per- 
fomied in some cases by simply adding the remaining water and other components to the mixture prior to adding the 

45 remaining starch-based binder. In other cases, It may be necessary to add cooler water to further lower the temperature 
of the mixture to prevent gelation of the remaining starch-based binder to be added. The other components such as 
the inorganic fillers, mold releasing agents, humectants, plasticizers, and integral coatings or sealing compounds are 
added at this time to form the final starch-based composition. The composition Is then mixed for a few minutes until 
homogeneous In order to fomn the desired moldable composition, which Is then suitable for molding an article having 

so a foamed structural matrix. It should be noted that the less water there is in the final mixture, the greater will be the 
viscosity and yield stress of the final mixture and the resulting mixing time required to disperse the remaining solid 
components. 

[0171] Because the solids will tend to increase both the yield stress and viscosity, the final moldable starch-based 
composition (whether prepared using a one-step or two-step process) will have a yield stress of at least about 10 Pa, 
ss up to about 1 0,000 Pa, preferably In a range from about 250 Pa to about 4000 Pa. more preferably from about 500 Pa 
to about 3000 Pa, and most preferably from about 1 000 Pa to about 2000 Pa. The associated apparent viscosity of 
the final mixture measured at 5 s*^ wilt generally fall withih a broad range from at least about 6 Pa-s, up to about 3000 
Pa s, preferably in a range from about 50 Pa-s to about 2000 Pa-s, more preferably from about 100 Pa-s to about 1 000 
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Pa s, and most preferably from about 300 Pa s to about 600 Pa s. The plastic viscosity of the same starch-based 
composition, when detemnined by the best fit line on a flow curve at a shear rate between 4 s'^ to 14 s'*", will generally 
fall within a broad range from at least about 1 Pa-s, up to about 2000 Pa-s, preferably in a range from about 2 Pa-s to 
about 500 Pa-s, more preferably from about 4 Pa s to about 1 00 Pa-s, and most preferably from about 1 0 Pa-s to about 
5 30 Pa-s. 

[0172] In mixing together the components of the moldable composition it is preferable that the remaining part of the 
starch-based binder not be subjected to shearing forces large enough to break or rupture the starch granules, in the 
case where an unmodified starch is used. It is also preferable to maintain the mixture at a temperature below the 
gelation temperature of the starch-based binder to avoid premature gelation of the binder before the molding process 

10 has begun. Otherwise the viscosity of the moldable composition will become too high for use In further processing. 
The moldable composition needs to remain sufficiently fluid to be pumped to and flow Into a mold to form a desired 
article. Pregelatinlzing a substantial portion of the starch-based binder prior to molding would yield a very rigid gel that 
would prevent the moldable composition from flowing into a mold. By only allowing the Initial portion of the starch- 
based binder to gelate {e.g. , about 1 0-30% of the starch-based bindei), the moldable composition maintains a suitable 

IS fluidity to flow Into the mold. Once heated within the mold, however, the ungelated starch-based binder will quickly 
gelate in order to greatiy Increase the viscosity and yield stress of the nrK)ldable composition, thereby helping to create 
a forni stable molded artk:le that can be more easily demolded. 

[0173] The key to getting the fibers to disperse In the preblended mixture Is to obtain a transfer of the shearing force 
from the mixer to the liquid in contact with the fibrous material. The shearing force is an internal force tangential to the 

20 material on which the force acts. When fibers are mixed with low viscosity, high water mixtures, the fibers are not 
dispersed since the requisite shearing force from the mixer is dissipated into the water and does not transfer to the 
fibers. Since the water has a lower viscosity, the water has a tendency to segregate from the fibers and not provide 
any shear thereto. Thus, improving the transfer of shear from the mixer to the liquid In contact with the fibrous material 
Is necessary in order to disperse the fibers. 

25 [0174] The mechanism for obtaining this transfer of shear is by means of a fluid fraction having an approximate 
Binghamian flow behavior, which transfers shear properties from the mixer down to the fibrous material, which generally 
results in the dispersion of the fibers within about 10 to 30 minutes with removal of ail fiber nodules. The higher yield 
stress and viscosity of the fluid fraction allows a much greater transfer of the shearing force from the mixer to the liquid 
in contact with the fibrous material. This results in the application of the shearing force to the connections between the 

30 ftbers in the fibrous material, which causes the fiber nodules to be torn apart. The level of transfer of shear by means 
of the high yield stress, high viscosity fluid fraction within the preblended mixtures of the present Invention result in a 
maricedly improved dispersion of fibers compared to conventional methods. In addition to gelating a portion of the 
starch-based binder, various rheology-modlfying or thickening agents can be used to increase the yield stress of the 
fluid fractton, such as the commercial tiibkener Tylose®. It has been found, however, that Tylose® has a very high 

35 affinity toward water, which interferes with the starch-water reaction. Hence, adding relative large quantities of rheology- 
modifying agents such as Tylose® is generally not preferred. 

[01 75] The addition of long fibers to the moldable mixture, which are dispersed throughout «ie mixture by the methods 
of the present invention, allows a product to be molded without the need for a subsequent conditioning step. Unlike 
prior processes, the products of the present invention can be demolded before alt of the water has been removed from 
^ the mixture. The final demolded product maintains an appropriate amount of water so that the product is not brittle and 
can be handled without shattering or cracking. 

[01 76] In addition to fibers, zeolites can be added to the compositions of the invention and ac^ as internal conditioning 
components. Zeolites are aluminum silicates and have a tendency to absorb moisture from the atmosphere into the 
structural matrix. Magnesium chloride can also be used in the compositions of the invention in order to absorb moisture 

<s from the atmosphere and act as an internal conditioning agent. 

[0177] As previously mentioned, in an altemative embodiment the starch-based composition can be fomied in a 
single step without first dispersing the fibers within a preblended mixture. The effects of using a preblended mixture to 
disperse the fibers can be mimfeked by ensuring tiiat the liquid phase sun^ounding the solid components within the 
starch-based mixture (/.e., fibers, inorganic aggregates, etc.) has a viscosity and yield stress within the ranges set forth 

so above. This may be accomplished, for example, by adding a gelatinized starch, eittier alone or In combination with any 
other appropriate thk:kening agent, to the starch-based composition In combination with a yet ungelated starch-based 
binder. 

[0178] To understand the importance of having a high yield stress liquid phase within the overall starch-based com- 
position, it must be understood that adding solid components to a Newtonian fluid will normally increase both the 
ss viscosity and yield stress of the overall mixture. However, it is the Uquid phase that has been found to be the medium 
by whfch shear is transferred from the mixing apparatus down to the fiber level. If the liquid phase has essentially a 
zero or very low yield stress, even tiiough the overall mixture has a positive yield stress, the fibers will easily separate 
or segregate from the noncohesive liquid phase. A liquid phase that has sufficient yield stress and viscosity and, hence. 
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adhesion and cohesion, is able to pull apart and keep the fibers separated if either a one-step or two-step mixing 
process is used. 

[0179] Once the starch-based composition has been prepared, it may be fonmed or molded into the shape of the 
desired article. In one embodiment, the forming steps include positioning and locking the composition between a heated 

5 male mold having a desired shape and a heated female mold having a complementary shape. The heat from the molds 
causes the composition to expand within the molds. Excess material and vapor is expelled from between the molds 
through small vent holes. Once a sufficient amount of the solvent has been removed, the molds are opened, and the 
form-stable article having a foamed structural matrix is removed for sut>sequent processing. 
[0180] The process is more accurately defined through the use of a phase diagram. Depicted in Rgure 1 is a phase 

10 diagram for water. Figure 1 illustrates, by way of a general example, the pressure and temperature stages that a 
composition using water as the solvent undergoes during formation of the article. Between points A and B along line 
1 , the composition is locked between the molds and Is rapidly heated at first at constant ambient pressure to a tenn- 
perature of about 1 0O^'C. The portton of the composition ck>sest to the molds is heated at a faster rate and thus reaches 
a temperature of lOC'C before the Interior section of the composition. As the composition begins to heat, the starch- 

is based binder begins to gelate, increasing the viscosity of the composition. (The process of gelation is discussed later 
in the section on starch-based binders.) 

[0181] Once the temperature of the water within the moldable composition in contact with the mold surface reaches 
1 00"C, the water begins to vaporize, thereby fomiing air pockets or voids within the composition. As a result of these 
expanding pockets, the volume of the composition expands, causing the composition to "rise" and momentarily flit the 

20 moM and clog the smalt vent holes. The water within the portion of the moldable composition closest to the molds Is 
quickly vaporized and driven off from the composition at or nearthe region closest to the mold, as represented In Rgure 
1 by point B, thereby hardening that portion of the composition into a thin , dense skin. The skin is believed to be fonned 
• almost instantaneously and acts as an insulation barrier for the remaining portion of the moldable composition, thereby 
slowing down the rate of heating. With the vent holes plugged, and due to the restricted flow, the pressure begins to 

25 increase between the molds, as shown by line 2, preventing the transformation of the remaining solvent into vapor at 
the boiling point, which is usually 100*^0 for water. Instead, as also shown by line 2, the solvent in the moldable com- 
position is super heated as a result of the restricted flow. Eventually, the material btocking the vent holes ruptures, 
allowing excess material to escape from between the moWs. However, as a result of the small size of the vent holes, 
the flow of the escaping composition Is restricted, thereby allowing the pressure and temperature within the mold to 

30 further increase to point C on Rgure 1 . 

[0182] The foamed structural matrix Is formed when sufficient excess material has escaped to cause the pressure 
to drop between the molds. Under high pressure the soh/ent vapor which fonns is nucleated because of super heating. 
The drop in pressure causes the super heated soh^ent, to transfomi rapidly into the gaseous state through an adiabatfc 
expansion, thereby fomiing a distribution of voids or cells throughout the structural matrix of the artrcle. The tendency 

35 of the water vapor to become nucleated at Individual points throughout the super heated composition yields a fairty 
well-distributed cell or pore structure. The transfomiation of the solvent to vapor is an endothennic reaction that absori^s 
heat from the moldable composition, thereby substantially decreasing the temperature of the moldable composition 
inside the mold. The drop in temperature and pressure of the moldable composition is deputed by line 3 extending 
from point C to point B. The illustration that the temperature of the composition returns to lOC'C is simply by way of 

40 example. In actuality, the temperature of the composition may drop below lOO'^C. The drop in pressure of the solvent 
Is depteted as line 5 extending from point C to point D. 

[0183] With the vent holes open and the pressure reduced, the composition then begins to heat up again to the 
boiling point of the solvent, allowing the remaining solvent to freely evaporate until sufficient solvent has been removed 
for the article to become fomi-stable. This process is deputed by line 4 extending from point 8 This analysis of the 

45 cellular fonnation Is supported by the fact that producing articles under low pressure results in articles having fewer 
voids. For example, gradually evaporating the soh^ent from the composition at a low temperature or heating the mixture 
rapidly on top of a single mold results in a product having a lower concentration of air voids. 
[0184] Oepk:ted in Rgure 2 is a microscopic image of a cross-section 8 of a fonned artk:le. The figure reveals the 
present artfcles as having an outside skin 10 vinth small cells 12 and an interior section 14 containing large cells 16. 

50 Small cells 12 are defined as having an average diameter of less than about 250 jim. The material between adjacent 
cells is referred to as a cell wall 1 8. Rbers 21 are distributed throughout outside skin 1 0 and interior section 1 4. The 
distribution and size of the cells within the stmctural matrix are dependent on several variables including the water 
content of the mixture, the temperature of the mokls, and the size, number, and placement of the vent holes within the 
mokiing apparatus. 

55 [0185] Articles can be made having a desired structural matrix by controlling the related variables. For example, 
Rgure 2A is a microscopic picture of the cross-section of an artkHe having a thin outskle skin 10 and large cells 16 
located In interior section 1 4. Rgure 2B is a mlcroscopk:'picture of the cross-section of an artrcle having a thin outside 
skin 10 and medium celte 19 located in interior section 14. Rnally, Rgure 2C is a microscopk: pk:ture of the cross- 



22 



EP0 804 331 B1 



section of an article having a thick outside skin 10, large cells 16 located in interior section 14, and small cells 12 
located near the surface o\ the article. Fibers (not shown) are preferably randomly dispersed throughout the cellular 
matrix. 

[0186] As stated above, it is inrportant to remove enough solvent so that the article is sufficiently fomrt stable to be 
5 removed from the mold and subsequently handled. In general, the structural matrix of the molded articles will contain 
about 5% or less solvent at the point where the article has adequate strength and fomri stability to be demolded. If 
excess water vapor remains within the cells of the heated article, it will cause internal pressure within the structural 
matrix of the molded article. This water within the cellular matrix can further expand after the demolding step, thereby 
causing an inadequately dried article to "blow up' or explode upon being demolded. On the other hand, overdrying, 
10 especially overheating, the article can permanently damage and weaken the starch-bound structural matrix of the 
molded aittele. 

[01 87] Fortunately, it has been discovered that the addition of well-dispersed fibers, particularly longer-length fibers 
and/or fibers of high aspect ratio, (and optionally, inorganic fillers) creates a moldable connposition having a much 
smaller window of error or, conversely, a much larger window of processing time. TTiat is, these admixtures facilitate 
IS and greatly reduce the time needed to remove enough of the water in order to create a form stable article, while also 
preventing burning or otherwise damaging the starch-bound structural matrix for a significant period of time during the 
mowing process. 

[0188] The processing variables associated with the fomiation of the inventive articles and the foamed structural 
matrix include mold temperature, time for removing the solvent, filling volume, and vent hole size. The artteles of the 

20 present inventton are preferably removed from the locked molds after most, but not all, of the solvent has be.en removed. 
While the composition is locked between the molds, the outside edges of the articles are supported by the opposing 
molds. Vapor formed by the evaporation of the solvent is thus forced to travel under pressure to the vent holes, where 
it is expelled. The outside walls of the article are the first to form and are brittle as a result of the loss of water. Separation 
of the molds prior to removing a sufficient amount of the solvent permits the vapor to expand between the article walls, 

25 resulting in bubbling, cracking, or defonmation of the outside walls of the artk;les. Furthermore, attempts to remove the 
aritkHe from the molds prior to removal of a sufTicient amount of moisture can result in the article sticking to the mokte 
and damage to the structural matrix. 

[0189] Since the article cannot be removed until a sufficient amount of solvent has been removed, it is preferable to 
have the mold temperature as high as possible. This minimizes the time for removal of the solvent and penults the 

30 qutekest production of arttoles. Studies have found, however, that temperatures greater than about 2A0''C can result 
in dextriftcation or breaking down of the starch molecules In the surface of the article. Dextrffication caramelizes the 
starch, produces a brown color on the artrcle, and reduces the structural integrity of the aitfcle. Temperatures above 
about 240*C can also bum certain organic fibers, as well as overdrying the molded articles. 
[01 90] In contrast, it is difficult to f orni an article having a foamed structural matrix at mold temperatures below about 

35 120*C. At such low temperatures, there is little pressure build-up and only slow evaporation of the solvent. Studies 
have found that increasing the processing temperature to between about 140-240^*0 decreases the production time 
and the density of the article. With temperatures ranging between 1 40-1 SO^'C, the decrease in production time is sub- 
stantial. After about 1 BO^'C, however, the decrease in processing time is less dramatic. Again, this finding is consistent 
with the cellular fonnation model. 

40 [0191] As the temperature increases, the size of the cells also increase. The size of the cells within the structural 
matrix, and thus the strength and insulating capability of the artrcles. can thus be selected in part by adjusting the 
temperature of the molds. Furthermore, by varying the temperature differential between the male and female molds, 
the cell size can be selectively varied between the walls of the article. For example, by making the female mold hotter 
than the corresponding male mold, a cup can be formed having relatively large cells and higher insulating capability 

45 at its outside surface where the cup is held. In contrast, the cup will be more dense and be more water tight at its inside 
surface where liquid will be hetel. 

[0192] A temperature of aoo^'O is preferred for the rapid production of thin-walled artteles, such as cups. Thicker 
artbles require a longer time to remove the solvent and are preferably heated at somewhat tower temperatures to 
reduce the propensity of burning the starch-based binder and fiber. Leaving the artteles within the locked molds too 

so long can also result in cracking or defomfiation of the artteles. It is theorized that removing greater than about 98% of 
the solvent within the mixture results in shrinking of the structural matrix, which in tum can crack the article. Accordingly, 
the article is optimally removed from the mold when approximately 2%-6% of the moisture remains within the article, 
more preferably about 3%-4%. It should be understood, however, that these figures are only approximations. 
[0193] The temperature of the mold can also effect the surface texture of the molds. Once the outside skin is fomied, 

ss the solvent remaining within the interior section of the mixture escapes by passing through minute openings in the 
outside skin and then travelling between the skin and the mold surface to the vent holes. If one mold is hotter than the 
other, the laws of thenmodynamics would predict, and it has been empirically found, that the steam will tend to travel 
to the cooler mold. As a result, the surface of the artble against the hotter mold will have a smoother and more uniform 
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surface than the surface against the cooler mold. 

[0194] The temperature of the molds can also be varied along the length of the molds. Depicted in Figure 3 is a male 
mold 15 mated with a female mold 17, with a moldable composition being positioned therebetween. In general, the 
male mold includes a top end 6 and a bottom end 7. Likewise, the female mold includes a top end 9 and a bottom end 

5 11. Located near top ends 6 and 9 are vent holes 13, through which the excess material and vapor can escape. Studies 
have found that for deep recessed articles such as cups, a smoother surface and more untfonm structural matrix can 
be obtained if the mixture is hardened sequentially from the point furthemiost from the vent hole to the point closest 
to the vent holes. For example, referring to Figure 3, it is preferable in some cases for the temperature of the molds to 
be the highest at bottom ends 7 and 11 , with the temperature gradually decreasing toward top ends 6 and 9, where 

10 the temperature is the lowest. 

[0195] Such a temperature zone differential within the molds helps to direct the vapor and air out the vent holes. As 
the sohrent is vaporized at the bottom end of the molds, the vapor Is absorbed into the adjacent composition . The vapor 
thus gradually travels to the vent holes. Furthermore, since the mixture closest to the vent holes Is the last to harden, 
the excess material is more easily expelled from between the molds. In contrast, if the molds were hottest near top 

15 ends 6 and 9, the vapor near bottom ends 7 and 1 1 would be forced to travel over the already hardened surface of the 
article, thereby possibly damaging the surface texture. Likewise, the excess material would already be hardened and 
its removal could result In disrupting the structural Integrity of the article. 

[0196] The mold temperature and the time for removing the solvent are interdependent and are further dependent 
on the thrckness of the article and the amount of solvent present. The mold temperature of the present invention is 

20 preferably in a range from about 150'C to about 220*^0, with about 1 70*'C to about 210'C being more prefen-pd, and 
from about 180«C to about 200'C being most preferred. The time In whteh the solvent is preferably removed from the 
composition ranges from about 1 second to about 15 minutes, with about 15 seconds to about 5 minutes being more 
preferable, and from about 30 seconds to about 2 minutes being most preferable. It should be noted that 1: light of the 
endothermic process of the vaporization of the solvent and the rather shor period of time that the molds are in contact 

25 with the composition, the composition within the interior of the molded article generally does not get as hot as the 
molds. Typically the temperature of the mixture will not exceed about ISC^C during the molding procedure. 
[0197] The volume of material positioned between the molds for subsequent heating also affects the resulting density 
of an article. If insufficient material is introduced Into the mold to fomn a completed article (no excess material is dis- 
charged) the resulting material will have a higher density and moisture content. This results from a lack of pressure 

30 build up and subsequent expansion. When suffteient material is added to produce the desired pressure (a minimum 
of excess material) the density of the artnle dramatk:ally decreases. Further increases in the amount of material will 
decrease the density of the article up to a point. Past this point, the addition of more material will have little or no further 
effect on the resulting density. For example, in the production of 12 oz. cups, the addition of 1 gram of extra material 
resulted in a decrease in density of about 0.005 g/cm^. However, adding more than 35 grams of material resulted in 

35 no further decrease In the density and was merely wasted. 

[0198] The pressure buildup within the molds is dependent both on the temperature of the molds and the size, number, 
and placement of the vent holes. The larger the vent holes are, the less pressure that builds within the moldable 
composition and the more easily the vapor and excess material can escape, resulting in less expansion and a more 
dense structural matrix of the molded arttele. Accordingly, the larger the vent holes, the smaller the cells within the 

<o structural matrix. However, if the vent holes are too large, the composition will not be able to plug the vent holes, thereby 
preventing proper filling of the mold and the required pressure buildup for the fonrtation of the desired cell stmcture. 
(Such an arrangement may be preferred, however, if a more dense article is desired.) Another drawback to large vent 
holes is that they can create larger deformities on the surface of the artk:les at the point where the excess material is 
removed. The size of the def enmities can be reduced by decreasing the size and increasing the number of the vent holes, 

45 [0199] The smaller the vent holes are, the greater is the expansion force that the vapor can apply on the moldable 
composition. If the vent holes are too small, an excessive pressure will build up, resulting in deformation or even 
explosk)n of the arttele upon release of the pressure. The size of the ceils can further be regulated by controlling the 
release of pressure. For example, by slowing down the rate of pressure drop,' the sudden expansion force caused by 
vaporization of the solvent is decreased. This results in articles having smaller cells and thicker cell walls, which together 

so produce a stronger arttele. 

[0200] As previously discussed, by regulating the size of the vent holes, the size of the cells In the structural matrix 
can be regulated. The exact size and number of vent holes depends on the size of the article being produced. Larger 
artrcles require more vent holes. Examples of vent sizes and numbers to produce articles is shown later In the application 
in the Example Section. In the production of most artbles of the present invention the vent sizes .will preferably range 

S5 from about 0.05 mm^ to about 1 5 mm^, more preferably from about 0.2 mm^ to about 5 mm^, and most preferably from 
about 0.5 mm^ to about 2 mm^. The number of vent holes will preferably be in a range from about 1 to about 10, with 
about 2 to about 8 being more preferred, and about 4 to about 6 being most preferred. In a prefenred method for 
manufacturing cups, it has been found that using 4 vent holes, each having a vent hole of about 1 .9 mm^, is preferred. 
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[0201] In addition, it is generally preferable to use molds having smaller vent holes for moldabte composition having 
a higher water content When more water is used, a more violent reaction ensues, which must be controlled. If the vent 
holes are too large then material may be blown out of the vent holes during the molding process. When a low water 
content composition is used, the vent hole size is less important. 

s [0202] As discussed herein, the inclusion of fibers, particularty long-length fibers, as well as other softening or con- 
ditioning agents such as humectants or plasticizers within the moldable compositions of the present invention, yields 
demolded articles that immediately or shortly after demolding possess the desired flexibility and resilience. This reduces 
and, in most cases, even obviates the need for conventional conditioning in high humidity as is generally required in 
the case of molding articles without fibers and/or inorganic aggregate fillers. Nevertheless, if it is desired to further 

10 soften or condition the starch-bound matrix of the molded articles, it is possible, although not preferable In most cases, 
to condition the articles by placing them in a high humidity chamber at elevated temperatures for a period of time. 
[0203] Using the above processes in conjunction with the components of the starch-based composition outlined 
below, the cellular articles of the present invention will preferably have a density in a range from about 0.05 g/cm^ to 
about 1 g/cm^, with about 0.1 g/on^ to about 0.5 g/cm^ being more preferred, and about 0.15 g/cm^ to about 0.25 g/ 

15 cm3 being most prefen-ed. 

[0204] The remaining processing steps include optional steps, such as printing and coating. These steps, along with 
stacking, bagging, and boxing, are perfomied substantially identically to that of conventional aitides made from ma- 
terials such as paper plastic, polystyrene foam, and other organic materials. 

20 IV. COMPOSITIONAL EFFECTS ON FORMATION. 

[0205] To facilitate implementation of the microstructural engineering approach, each of the components in the mold- 
able composition is discussed below. The discussion includes the properties and preferred proportions of each of the 
components, along with how each component is interrelated with processing parameters, properties of the moldable 
25 composition, and properties of the final article. 

A. Starch-based Binders. 

[0206] The moldabte compositions used to manufacture the inorganically filled, foamed articles of the present inven- 
30 tlon develop their strength properties through the gelation and subsequent drying out of a starch-based binder. Starch 
is a natural carbohydrate chain comprising polymerized sugar molecules (glucose). Plants manufacture and store the 
starch as food for itself and for seeds. Starch Is fornied in granules that comprise two types of glucose polymers: the 
stngle-chaln amylose that is generally soluble In water and othersolvents and the branched amylopectln that is generally 
Insoluble In water. 

35 [0207] In general, starch granules are insoluble in cold waten however, if the outer membrane has been broken by, 
e.g., grinding, the granules can swell in cold water to form a gel. When the intact granule is treated with wamn water, 
the granules swell and a portion of the soluble starch (amylose) diffuses through the granule wall to fomn a paste. In 
hot water, the granules swell to such an extent that they burst, resulting in gelation of the mixture. The exact temperature 
at whrch a starch-based binder swells and gelates depends on the type of starch-based binder. 

40 [0208] Gelation is a result of the amylose and amylopecUn chains, which are initially compressed within the granules, 
stretching out and intertwining with each other. After the water is removed, the resulting mesh of inter-connected pol- 
ymer chains forms a solid material that can have a tensile strength up to about 40-50 MPs. The amytose and amylopectin 
polymers can also be used to bind individual aggregate parik:les and fibers within the moldable mixture (thereby fomning 
a highly inorgank^aily filled matrix). Through careful mk:rostmctural engineering, starch-bound containers and other 

^ articles can be designed having desired properties including flexural strengths up to about 1 0 MPa or more. 

[0209] Although starch is produced In many plants, the most Important sources are seeds of cereal grains (e.g., com, 
waxy com, wheat, sorghum, rk:e, and waxy rice), which can also be used in the flour and cracked state. Other sources 
Include tubers such as potatoes, roots such as tapioca (Le„ cassava and maniac), sweet potato, and arrowroot, and 
the pith of the sago palm. 

so [0210] As used In the specification and the appended claims, the terni "starch* or 'starch-based binder" includes 
unmodified starches (amylose and amylopectin) and modified starches. By modified, it is meant that the starch can be 
derivatized or modified by typical processes known in the art such as, e.g. esterification, etherification, oxidation, acid 
hydrolysis, cross-linking, and enzyme conversion. Typical modified starches include esters, such as the acetate and 
the half-esters of dicarboxylic acids/anhydrides, particulariy the alkenylsuccinic acids/anhydrides; ethers, such as the 

S5 hydroxyethyl and hydroxypropyl starches; oxidized starches, such as those oxidized with hypochlorite; starches reacted 
with cross-linking agents, such as phosphorus oxychloride, eprchlorohydrin, hydrophobk; cationic epoxides, and phos- 
phate derivatives prepared by reaction with sodium or potassium orthophosphate or tripolyphosphate. and combina- 
tions thereof. Modified starches also include seagel, long-chain alkylstarches, dextrins, amine starches, and diakjehyde 
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starches. 

[021 1 ] Pre-gelatintzed starch-based binders can also be added to the starch-based composition, particularly using 
the one-step process, but also in preparing the preblended mixture, Pregelatinized starch-based binders are starches 
that have previously been gelated, dried, and ground back into a powder. Since pre-gelatlnized starch-based binders 
5 getate in cold water, such stanch-based binders can be added to the starch-based composition to increase the viscosity 
and yield stress prior to being heated. The increased viscosity and yield stress are necessary in order to aid in the 
dispersion of the fibrous component, as well as in preventing settling and helping to produce thicicer cell walls, as will 
be discussed later in greater detail. 

[0212] Unmodified starch-based binders are generally preferred over modified starch-based binders because un* 
w modified starches are significantly less expensive and produce comparable articles. These starches are very inexpen- 
sive and are often treated as a useless waste product that is discarded on a large scale. Hence, the use of unnrwdifled 
starches in the present invention provides a tremendous economic advantage and a useful outlet for such previously 
discarded materials. Preferred starch-based binders include unmodified starches that gelate and produce a high vis- 
cosity, high yield stress composition at a relatively low temperature. For example, one preferred starch is potato starch, 
15 which quicldy gelates and reaches a maximum viscosity and yield stress at about 6S'*C. The viscosity and yield stress 
of a mixture containing gelatinized potato starch and water then decreases as the temperature is raised further. Waxy 
com starch acts in a similar fashion and is also preferred. Both potato starch and waxy com starch have a high viscosity 
and yield stress when gefated. The high viscosity and yield stress of the gelated starch greatly enhances the ability of 
the preblended mixture to disperse the fibers, as previously discussed. Potato and waxy com starch are also prefen'ed 
20 because they swell and gelate easily in a single step; however, any starch that has similar swelling characteristics will 
be prefen^ed to those that swell in two or more stages. 

[0213] In many conventional uses of starch, such as the hot-melt technique in which the starch is heated under 
elevated temperature and extreme pressure in the presence of minimal water and in which starch behaves somewhat 
like a thermoplastic material (also sometimes referred to as "destructurized" starch), it has been necessary to use a 

25 starch having a relatively high amylose content (greater than 45% by weight) in order to make the starch more chem- 
ically compatible with the small amount of water that might be added to plasticize the starch material. This is in sharp 
contrast to the way in which starch-based binders are used in the present invention, in which the contribution by the 
starch-based binder to the mechanical properties of the final molded article is independent of the amylose content. In 
fact, the two most preferred starch-based binders, namely unmodified waxy corn starch and potato starch, have a 

30 relatively low amylose content (1 -3% and 20-25%. respectively). In view of the foregoing, while any appropriate starch- 
based binder can be used tofomn an adequate product, the starch-based binder will preferably be an unmodified starch 
having an amylose content less than about 45%, more preferably less than about 35%, and most preferably less than 
about 25%. 

[021 4] The starch-based binder Is the dominant water affinity component in the composition of the present Invention 
35 and includes many hydroxyl groups. In a totally dry product, the hydroxyl groups of the individual starch molecules 
fomi hydrogen bonds, whrch creates a rigid and brittle stmcture. When water is added, a portion of the water is chem- 
ically bound to the starch matrix. Any additional water that is not bound may be classified as "free water", which asso- 
ciates with the hydroxy! groups of the starch and gives elasticity and toughness to the material. The initially added 
water thus can also act as a plastk:izer. A pure starch-based composition will absorb water such that, at equilibrium, 
40 the water is present in an amount of about 10-12% by we^ht of the composition . When inorganb aggregates and fibers 
are included in the starch-based compositk)n, the water will be present in an amount of about 2-6% by weight at 
equilibrium because of the less total starch in the composition, preferably about 3-4%. 

[021 5] It rnay be preferred to combine different types of starch-based binders to regulate the foamed structural matrix. 
In contrast to potato starch, the viscosity and yield stress of a mixture containing com starch gradually increases as 

45 the temperature increases. Accordingly, com starch produces a relatively low viscosity, tow yield stress composition 
compared to potato starch at eS'^C, but produces a relatively high viscosity, high yield stress composition, compared 
to potato starch at 95°C. By combining both com starch and potato starch within the same mixture, the viscosity and 
yield stress of the mixture at the interior section of the arttele is increased at the point when the cells are fomied. The 
increased viscosity decreases the cell size and increases the cell wall thtokness, thereby increasing the fracture tough- 

50 ness of the article. 

[021 6] The concentration of starch-based binder within the starch-based compositions of the present invention are 
preferably in a range from about 10% to about 80% by weight of total solids, more preferably In a range from about 
30% to about 70%, and most preferably from about 40% to about 60% by weight. The starch-based binder will have 
a concentration in a range from about 5% to about 50% by weight of the starch-based composition, more preferably 
55 from about 10% to about 40%, and most preferably from about 15% to about 30%. Furthermore, conibinations of 
different starches may be employed to more carefully control the viscosity of the composition throughout a range of 
temperatures, as well as to affect the structural properties of the*final hardened artk:le. 
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B. The Fluid Fraction. 

[021 7] The fluid fraction is formed by adding water and soluble admixtures such as thickeners to either the preblended 
mixture or the final starch-based composition. The water lubricates the particles, soh^ates or at least disperses the 
starch*based binder, and acts as a gelation agent for gelattng the starch-based binder. In addition to water, any liquid 
that can disperse and gelate the starch-based binder and be subsequently removed from the moldable composition 
by evaporation can be added to the fluid fraction as a co-solvent. In addition, non-evaporative liquids, such as lubricants, 
cross-linking agents, integral coatings, or internal sealing materials may also be added. 

[0218] It is important to understand that the ability to unifonnly disperse the fibers throughout the starch-based com- 
position Is detennlned primarily by the rheology of the ftuid fraction as opposed to the mixture as a whole. In fact, simply 
increasing the yield stress and viscosity of the mixture by adding solid components will not result in unifonn dispersion 
[021 9] In the pref en-ed method for molding the articles of the present Invention, the water and other volatile solvents 
within the fluid fraction are substantially removed by heating the starch-based composition between heated dies to 
above the boiling point of water. Because water has a relatively high heat of vaporizatton compared to most other 
volatile soh/ents, the heat of vaporization of the aqueous phase within the starch-based composition can be reduced 
by adding lower boiling ak:ohols or other co-sohrents to the water. Alcohols, such as ethanol and isopropyl ateohoi, are 
preferable because they f orni tower boiling point azeotropic mixtures with water, are relatively inexpensive, and readily 
available. 

[0220] The water also senses the function of creating a fluid fraction having the desired rheological properties, in- 
cluding yield stress, viscosity, and flowability. These properties are general ways of approximating the •workability" or 
flow properties of a mixture. The yield stress and viscosity of the mixtures of the present invention may range from 
being relatively low (similar to that of a thin batter) up to being very high (similar to paste or clay). Where the viscosity 
is so high that the material is initially dough-like in the green state, it is generally better to refer to the yield stress, rather 
than the viscosity, of the mixture. The yield stress is the amount of force necessary to deform the mixture. 
[0221] At a minimum, a sufficient amount of water should be added to disperse and unifonnly gelate the starch within 
the molded starch-based composition. The water content should also be sufficient to function with the particular 
processing equipment being employed. As will be discussed below in greater detail, compositions with high viscosity 
and yield stress may require an auger apparatus to mix and convey the composition to the mold. In contrast, lower 
viscosity compositions can use conventional mixers and pumps and transfer the mixture. High yield stress compositions 
having a consistency similar to that of clay or dough can be cut into small porttons, whteh can then be mechank»lly 
placed between the molds. 

[0222] Increasing the water content also Increases the number and size of the ceils in the structural matrix and lowers 
the density of the resulting arttele. In theory, the more water in a mixture, the more vapor that is produced, and thus, 
the more cells In the interior and the more pinholes In the surface that are fomned. If the water content is too high, the 
composition may be unable to produce fomn-stable, crack free artteles. In contrast, using less water yields a more 
dense product having smaller cells. 

[0223] Furthenmore, the more water in a mixture, the larger the size of the cells and pinholes, although the number 
and size of the cells and pinholes are greatly affected by the molding process. For example, where there is a variation 
in the temperature of the male and female molds, it has been found that the vapor tends to migrate from the hot mold 
to the cooler mold, thereby forming more pinholes in the article surface in contact with the cooler moW. Moreover, 
varying the gap distance between the molds appears to facilitate the passage of evaporating moisture between the 
molds and the molded arttele, thereby creating a much smoother artk:le surface as a result of the lateral movement of 
water vapor over the article surface. 

[0224] Very low viscosity mixtures can also result in settling of the components, most notably the ungelated starch- 
based binder, fibers, and aggregate particles. Settling may occur In the mixing stage, transfer stage, or forming stage. 
Settling can yield artfcles having varying properties from batch to batch or within the structural matrix of a single artk:le. 
Experiments have also found that very low viscosity compositions can splash out of the female mold during mating 
with the male mold. This Is especially true for shallow articles such as plates. 

[0225] Based on the above discussion, the percentage of water within the starch-based composition depends in part 
on the processing equipment, the desired viscosity, and the desired properties. The amount of water that is added to 
the mixtures of the present invention will preferably be in a range from about 1 5% to about 80% by total weight of the 
mixture, the exact amount depending on the desired viscosity of the moldable composition, and more preferably from 
about 30% to about 70% by weight. 

[0226] As stated above, the viscosity and yield stress of the compositions of the present invention are dependent 
on several variables such as the water content, the presence of admixtures such as rheology-modifying agents and 
dispersants, what fraction of the starch-based binder has been gelatinized, and the packing density of the aggregate. 
The viscosity and yield stress of the moldable mixture can be adjusted, at least in part, by altering the rheology of the 
fluid fraction in order conform to the partteular molding apparatus or methods being used. 
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C, Fibers, 

[0227] As used in the specirication and the appended claims, the terms "fibers" and "fibrous materials" include both 
Inorganic fibers and organic fibers. Fibers have successfully been incorporated into brittle materials, such as ceramics, 

5 to increase the cohesion, elongation ability, deflection ability, toughness, fracture energy, and flexurai, tensile, and, on 
occasion, compressive strengths of the material. In general, fibrous materials reduce the likelihood that the highly 
inorganically filled containers or other articles will shatter when cross-sectional forces are applied. 
[0228] As was previously discussed, the formed articles of the present invention have a foamed or cellular structural 
matrix. As a result, there is a limited amount of Interfacial surface area for load transfer between the fibers and structural 

10 matrix. That Is. the fibers are connected to the structural matrix of the fomied articles only by the walls dividing the 
cells, with the remainder of the fibers suspended in the celts. When short fibers are used, these can be snr>all enough 
to reside within the cell completely, depending on the ratio between the average fiber length and the pore diameter. 
As a result of minimal contact between shorter-length fibers and the structural nfiatrix of the article, shorter fibers are 
less able to impart Increases strength and toughness to the final molded articles of the present invention. Therefore, 

f5 longer fibers having a length greater than about 2 mm are preferred. In general, it is preferable to include fibers that 
have an average length that is at least twice the wall thickness of the article, Nevertheless, in the case where the article 
will have smaller pores {i.e., less than about 0.25 mm), shorter-length fibers having an average length in a range from 
about 0.3 mm to about 2 mm can be used with moderate success, although a greater volume of such fibers are required 
to impart the same mechanical properties to the final artde. 

20 [0229] Fibers that may be incorporated into the inorganically filled matrix preferably include naturally occurring or- 
ganic fibers, such as cellulosic fibers extracted from hemp, cotton, plant leaves, sisal, abaca, bagasse, wood (both 
hardwood or softwood, examples of which include southern hardwood and southem pine, respectively), or stems, 
husks, shells, and fruits, or inorganic fibers made from glass, graphite, siltea, ceramic, or metal materials. Any equivalent 
fiber whfch imparts strength and flexibility is also within the scope of the present invention. The only limiting criteria is 

25 that the fibers impart the desired properties without adversely reacting with the other constituents of the inorganteally 
filled material and without contaminating the materials (such as food) stored or dispensed in articles made from the 
material containing such fibers. Recycled paper fibers can be used, but they are somewhat less desirable because of 
the fiber disruption that occurs during the original paper manufacturing process. For purposes of illustration, sisal fibers 
are available from International Rller. abaca fibers are available from Isarog Inc. in the Philippines, while glass fibers, 

30 such as Cemfill®. are available from Pilkington Corp. In England. 

[0230] Larger diameter fibers result in a smaller specific surface area compared to smaller diameter fibers of equal 
volume. As the exposed surface area of the fiber decreases, less water is adsorbed by the fibers, and, accordingly, 
the water is removed quicker with less energy. Conversely, fibers having a large specific surface area will tend to absorb 
more water, whteh can compete with the gelation reaction of the starch-based binder, but which can also aid In tough- 

35 ening and making less brittle the hardened cellular matrix of the final article. The fibers used in the present invention 
preferably have an average diameter in a range from about 1 (im to about 100 \ur\, with about 5 jim to about 50 jim 
being more preferred, and about 10 )un to about 20 fim being most prefeaed. 

[0231] The aspect ratio (length/diameter) of the fibers is an important feature, with a higher average aspect ratio 
being preferred. The fibers preferably have an average aspect ratio of about 25:1 to about 2500:1 , and preferably from 

40 about 1 00:1 to about 1 000:1 . The average length of the fibers is also important, with longerfiber lengths being prefen-ed 
in the present Invention. Longer fibers that are useful generally preferably have an average length greater than about 
2 mm, and more preferably greater than about 3.5 mm, and even up to about 25 mm in length. Long fibers are generally 
better anchored within the structural matrix of the formed articles, although shorter length fibers having an average 
length from about 0.3 mm to about 2 mm, such as cotton linters, can significantly strengthen and toughen the artk:les 

45 of the present invention if well-dispersed. 

[0232] The fibers are added to the composition of the present Invention to increase the strength and flexibility of the 
final product. The fibers aid in f onming a tough skin on the outsfcle of the product by increasing the flexibility of the skin. 
The fiber content is unifonm throughout the foamed structural matrix of the final product, but appears higher In the skin 
because the skin is higher in density than the f canned interior portion. Also, a certain amount of fibers could migrate 

50 toward the surface as the product is fonning since the interior portion stays fluid longer than the skin portion. In fact, 
it has been discovered that the compositions and methods of the present invention yield artfeles having a true laminate 
structure between the surface and the Interior portions of the artk^le wall. In fact, the densified skin of the outer layer 
of the artk:le wall provides increased resistance to moisture without the addition of a coating to the article surface or 
a water-resistant polymer within the structural matrix. 

55 [0233] Partteulariy prefeaed fibers include softwood fibers from dry pulp sheets that have an average fiber length of 
about 3.5 mm, and abaca fibers with an average fiber length of about 6.5 mm. The number of fibers per unit volume 
will increase for fibers having smaller diameters when compared to fibers of the same length with larger diameters. 
Having an increased number of fibers per unit volume is preferred to provide increased strength to the formed artk^les. 
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and longer fibers provide more toughness than the same volume percent of shorter fibefs. Other fibers that can be 
used include hardwood fibers, which have an average length of about 1 .5 mm. 

[0234] While very short fibers of less than about 1 mm can also be used, these are less preferred in the present 
invention, particularly in articles having larger pore diameters. Because the pore size in the foamed structural matrix 

5 of more highly foamed articles can be 0.25 mm or higher, shorter fibers may only span across a few of the pores. Tlius, 
short fibers will tend to contribute less strength and toughness to the final product, although their efficacy would be 
expected to increase as the average pore size of the starch-bound matrix were decreased. Nevertheless, even cotton 
linters, which have an average length in a range from about 0.3 mm to about 1 mm, can impart some reinforcing effect 
If used In greater amounts to compensate for their shorter length (usually i n amounts of at least about 1 5-20% by weight 

10 of the moldable mixture). Articles having minimum acceptable strength have been manufactured using fine cotton 
linters having an average fiber length of about 0.3 mm in a concentration of about 20% by weight of the starch-based 
composition. 

[0235] The fibers used in the composition of the Invention have very specific effects on the moldable composition 
and foamed articles formed therefrom. There Is a toughening effect that can be measured by peak load, Young's 
IS modulus, strain, and fracture energy. Numeric exantples of these properties are given for compositions of the Invention 
hereafter under the Examples section. The fibers also have a rheolog'ical effect on the compositions by Increasing the 
yield stress and viscosity. 

[0236] The fibers also allow a greater window of time in which the article may be demoided without causing damaging 
effects such as cracking of the material. Even if all of the water is taken out of the mixture by overheating, the fibers 

20 will prevent cracking of the fonned structural matrix because they reinforce the entire matrix and prevent the article 
from shrinking. The moldable mixture can also be somewhat underheated without damage to the product. Underheating 
leaves more free water with in the fonned article, which would normally lead to expansion and rupture of the structural 
matrix but for the internal strengthening effect provided by the fibers. Thus, fibers can also aid in retaining an appropriate 
amount of water within the article so that the article has increased toughness and flexibility. This, in turn, allows the 

25 product to be handled straight out of the mold with little or no damage. 

[0237] In the past, producing articles having a varying cross-sectional wall thickness was difficult because of the 
inability to remove adequate amounts of water from the thicker-walled portion of the article without overheating or 
overdrying the thinner-wail portions. In other words, the dilemma was caused by the inability to uniformly remove the 
water from the articles, which resulted in the thk;ker-walled portion being too weak to demold if the thinner-walled 

30 portion was dried the proper level, or the thinner-waited portion cracking or cannelizlng If the thtoker-walled portion 
was dried to the proper level. However, the inclusion of adequate amounts of fiber allows for the Inclusion of varying 
amounts of water within the matrix without substantially affecting the strength of the matrix. whk:h. In turn, facilitates 
the fonnation of articles having varying cross-sectional thfekness. 

[0238] In addition, the fibers allow for great adjustment In the amount of water that can be added initially In order to 
35 change the density of the final product, whereas pure starch materials do not have this ability. The water works as a 
foaming agent, so if more water is added to the moldable mixture, more foam will be created and the final product will 
be less dense. If less water is used, then less foam will be created and the final product will be more dense. Thus, the 
density of the final product can be changed just by varying the amount of water in the moldable mixture. The fibers 
increase the wort<ing range of the water In the moldable mixture because they greatly increase the fomn stability and 
40 resistance to intemal pressure. 

[0239] The amount of fibers added to the moklable mixture will vary depending upon the desired properties of the 
final product. The flexural strength, toughness, flexibility, and cost are the principle criteria for determining the amount 
of fiber to be added in any mix design. The concentration of fibers will preferably be in a range from about 1 % to about 
40% by weight of the moldable mixture, more preferably from about 2% to about 20% by weight, and most preferably 
45 from about 3% to about 1 0% by weight. In tenms of the total weight of solids, the concentration of the fibers will be in 
a range from about 2% to about 80% by weight of the solids, more preferably In a range from about 4% to about 40% 
by weight, and most preferably In a range from about 5% to about 20% by weight. 

P)240] It is known that certain fibers and Inorgante fillers are able to chemically Interact with and bind wmh certain 
starch-based binders* thereby adding another dimenston to the materials of the present invention. For exanrtple, it Is 
so known that many fibers and Inorganic fillers are anlonk: in nature and have a negative charge. Therefore, In order to 
maximize the interaction between the starch-based binder and the anionic fibers and inorganic nnaterials. It may be 
advantageous to add a positively charged organic binder, such as a cationic starch. 

[0241] Rnally, the fibers may be coated with a variety of substances in order to Improve the desired properties of 
the final product For example, the fibers may be coated in order to make them more resistant to water absorption. 
55 Better water resistance can be obtained by treating the fibers with rosin and alum (^2(804)3) or NaAl (804)2, ^^^^^ 
of which precipitates out the rosin onto the fiber surface, making it highly hydrophobic. The aluminum floe that is fonned 
by the alum creates an antonic adsorption site on the fiber surface for a positively charged organk: binder, such as a 
cationic starch. In addition, ettringite can be fonned on the surface of the fibers In order to improve the interaction or 
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interface between the fibers and the starch-based binder. Finally, fibers having latex precipitated onto the surface give 
a more flexible interface between the fibers and the starch-bound matrix. 

P. Aggregates . 

5 

[0242] TTie terms "aggregate" and "fillers" as used in the specification and the appended claims include both inorganic 
and Inert organic particles but do not typically include fibers. The temn "inert organic particles" is further defined to 
include organic components that are not intended to primarily chemically or mechanicalty act as a binding agent within 
the starch-based composition. Examples of inert organic particles include seeds, grains, cork, and plastic spheres. 
10 Although most aggregates within the scope of the present invention are insoluble In water, some aggregates are slightly 
soluble In water, and some aggregates can be formed In situ by precipitation or polymerization. (However, many seeds 
contain starch, proteins, or other polymeric materials in high enough quantities that they may be released into the 
moldable mixture and Impart a binding force within the mixture.) 

[0243] Although inorganic fillers are generally optional, articles with a high filler or aggregate content are generally 

'5 cheaper to produce, have increased compressive strength, are more stable when microwaved, and have a smaller 
environmental Impact. Studies have found that functional articles of the present invention can be made using no fillers 
at ail or up to about 80% by weight of the final article. From a materials cost stand point, it is more economical to replace 
the relatively expensive starch-based binder with a less expensive aggregate. For example, holding all other variables 
constant, a 40% increase in the concentration of calcium cari^onate results in about a 30% savings in the consumption 

^ of starch-based binder. Even though adding inorganic fillers tends to increase the density of the final article, it may be 
still be more economical to do so as long as it results in an appreciable reduction in the amount of starch-based binder 
that is used because of the extremely low cost of such fillers compared to the cost of the starch-based binder. 
[0244] Increasing the filler is also beneficial from a processing standpoint. Because starch has a natural affinity for 
water, less energy is required to remove water from the composition where increased amounts of filler are employed. 

25 By increasing the filler content, there is less starch-based binder to absorb the water and less water is needed to gelate 
the starch-based binder. Accordingly, processing costs are decreased since less water, time, and energy is required 
to produce a fonn-stable article. Furthermore, the inorganic aggregate can also be used as a means for conducting 
heat quicker and more unifomily throughout the entire structural matrix. As a result, fonn-stable articles can be made 
in less time and with a more uniform cross-section. 

30 [0245] By selecting an appropriate filler, the specific heat of the final article can also be decreased. For example, 
articles made with calcium carbonate were found to have a lower specific heat than those that contain only starch. As 
a result, such articles can be used for heating up food or other itenrts without significantly heating up the article. For 
example, the present articles can be used for heating up or cooking food in an oven or microwave without destruction 
of the arttele. By selecting fillers with low specific heat, the articles of the present invention can be made having a 

3$ specific heat in a range from about 0.3 J/g-K to about 2.0 J/g K at a temperature of 20°C, with about 0.5 J/g-K to about 
1.5 J/g K being more prefen-ed, and about 0.7 J/g K to about 1 .0 J/g-K being most prefen-ed. 
[0246] Increasing the filler content is also beneficial in varying the shape of the structural matrix of the artfcle. As 
previously discussed, if insufficient moisture is removed from the mixture during fonnation of the artfcle, the remaining 
water can cause the mixture to stick to the mold and also to crack or bubble. The arttole can also crack if too much 

^ moisture is removed from the mixture. There is, therefore, a margin of time (dependent on variables such as the heat 
of the molds and amount of water in the mixture) within whk;h the articles should be removed from the heated molds 
to prevent cracking or sticking of the articles. All things being equal, this margin of time becomes nan^ower as the 
concentration of starch-based binder within a moldable mixture is increased. In addition, as the margin of time for 
removal of the article from the mold decreases, it becomes more difficult to manufacture artfcles having cross-sections 

45 of varying thicknesses throughout the article. In contrast, studies have found that as the percentage of inorganics 
increases and the percentage of starch-based binder decreases, the margin of time in which the articles can be removed 
f onn the molds without sticking or cracking Increases. As a result, compositions whteh Include an inorganic aggregate 
can be used to more effectively manufacture articles having varying cross-section thk:kness. 
[0247] . By selecting the type of filler used, the properties of the filler can be transfen^ed to the finished article. The 

^ aggregate materials employed in the present invention can be added to increase the compressive strength, modulus 
of elastrcity, and the Insulatton ability of the resultant Inorganfcally filled article. I n addition, plate-like aggregates having 
flat surfaces, such as mica, talc, and kaolin, can be used in order to create articles having a smoother surface finish. 
Typically, larger aggregates such as calcium cartsonate give a matte surface, while smaller particles give a glassy 
surface. Rnally, there are also environmental benefits to having a high filler content. Artteles with a high filler content 

S5 are more easily decomposed back into their natural components, thereby minimizing visual blight. Furthemnore, min- 
imizing the starch-based binder reduces the amount of starch that is consumed from starch-bearing plants or that must 
be recycled or composted upon discarding a disposable artk;le.' 

[0248] Particle packing is a preferred process that can be used to maximize the amount of inorgank^ where a large 
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percentage are included within the connposition. Particle packing is the prcx^esses of selecting different sizes, shapes, 
and concentration of the aggregates to minimize the interstitial space between the particles and n^aximize the packing 
density. By minimizing the interstitial space, less water and starch-based binder is required to fill up the interstitial 
space and, hence, the overall composition. By decreasing the amount of starch-based binder to only the minimum 

5 amount needed to bind the aggregate partk;les and impart the desired physrcal properties, the percentage of inorganics 
in the final articles may be increased without substantially sacrificing the desired strength and rheologrcal properties. 
As such, the cost of the articles is decreased and the above discussed properties are enhanced. 
[0249] In order to optimize the packing density, differently sized aggregates with particle sizes ranging from as small 
as about 0.05 fun to as large as about 2 mm may be used. To maximize the strength of the cell walls, it Is prefen-ed 

10 that the particles not be greater than 1/4 the thickness of the cell walls. Spherical particles having minimal fractured 
surfaces are preferred since they can be packed to a higher density and have the lowest specific surface area. In order 
to obtain an optimized level of particle packing, it is preferable for the average particle size within one size range to be 
roughly 1 0 times the particle size of the next smallest particle range. (In many cases, the ratio will differ and is dependent 
. on the relative natural packing densities of the different aggregates to be combined.) For example, in a two-component 

15 system, it will be preferable for the average partk:ie size of the coarse component to be at about 1 0 times the average 
particle size of the fine component. Likewise, in a three-component system, it will be preferable for the average particle 
size of the coarse component to be about 1 0 times the average particle size of the medium component, whk^ will 
likewise preferably be about 10 times the size of the fine component. Nevertheless, as more differently sized particles 
are added, the ratio between the particle size magnitudes need not ahways be this great and may only be two-fold in 

20 some cases. 

[0250] In a prefen^d embodiment, the aggregates are selected to obtain a desired packing density based on the 
partk;le packing process as disclosed in the following arttele coauthored by one of the inventors of the present invention: 
Johansen.V. & Andersen, P.J.. "Particle Packing and Concrete Properties," Materials Science of Concrete II at 111-147, 
The American Ceramic Society (1991). Further infonnation is available in the Doctoral Dissertation of Anderson, P.J., 

25 "Control and Monitoring of Concrete Production - A Study of Particle Packing and Rheology," The Danish Academy 
of Technkial Sciences. The preferred process of particle packing is also discussed in detail in United States Patent 
Application No. 08/1 09,1 00, entitled "Design Optimized Compositions and Processes for Microstructurally Engineering 
Cementitious Mixtures", to Per Just Andersen and Simon K. Hodson, filed on August 18, 1993. For purposes of dis- 
closure, the foregoing article, doctoral dissertation, and patent application are incorporated herein by specific reference. 

30 [0251] The volunrte of starch-based binder required Is also dependent on the size and shape of the aggregate. Ag- 
gregates having a large specific surface area compared to aggregates of equal volume having a small spedfk: surface 
area require more starch-based binder to coat the particles. In addition, the greater speclffc surface area utilizes more 
of the available water within the mixture in the coating of the particle surfaces, resulting in less water being available 
to react with and gelate the starch. Accordingly, In order to maximize the inorganfcs and minimize the volume of starch- 

35 based binder, it is preferable for the aggregates to have a smaller specific surface area. The highly inorganteally filled 
articles of the present invention preferably employ aggregates having a specific surface area in a range from about 
0.1 m^/g to about 400 m^/g, with about 0.1 5 m^/g to about 50 m^/g being more preferred, and about 0.2 m^/g to about 
2 m^/g being most preferred. Particles having a relatively small specific surface area typically are larger In diameter 
and have a more spherical shape. Nevertheless, it is generally preferable foe the average diameter of the aggregate 

40 partksles to be less than about 0.5 times the cell wall ttiickness of the interior cellular matrix, more preferably less than 
about 0.3, and most preferably less than about 0.2 times tiie cell wall tiiickness. 

[0252] There are a variety of types of aggregates that can be used in the present Invention. Inorganic materials 
commonly used in the paper industry, as well as more finely ground aggregate materials used in the concrete industry, 
may be used in the moldable mixtures of the present invention. However, the size of the aggregate or Inorgank: filler 
<s partk:les will generally be many times greater than the partk:ies of the Inorganic filler materials typically used in the 
paper industry, thereby greatly reducing their cost. 

[0253] Examples of useful aggregates include perilte. vemnteulite. sand, gravel, rock, limestone, sandstone, glass 
beads, aerogel, xerogels, seagel. mica, clay, synthetto clay, alumina. silk:a, fly ash, fused silica, tabular alumina, kaolin, 
microspheres, hollow glass spheres, porous ceramic spheres, gypsum (calcium sulfate dihydrate), cak^ium cartx>nate, 
so calcium alumlnate, lightweight polymers, xonotiite (a crystalline cak:ium silicate gel), lightweight expanded clays, hy- 
drated or unhydrated hydraulte cement particles, pumtee, exfoliated rock, and other geologic materials. The containers 
and other artbles of the present invention can be easily and effectively recycled by simply adding them to fresh moldable 
mixtures as an aggregate filler. 

[0254] A dry-milled cateium cart>onate is a preferred inorgank: aggregate, since it can be obtained at one-third the 
S5 cost of catoium cart>onate obtained through wet-milling. A preferred calcium cart>onate is R040, which has a particle 
size range from about 1 0 to 1 50 microns, with an average partk:le size of about 42 microns, and a low specific surface 
area. Both day and gypsum are partcularty important aggregate materials because of their ready availability, extreme 
tow cost, woricability, ease of formation, and because ttiey can also provide a degree of binding and strengUi If added 
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in high enough amounts (in the case of gypsum hemihydrate). Because gypsum hemihydrate can react with the water 
within the moldable mixture, it can be employed as a means for hardening, or at least increasing the form stability of, 
the moldable mixture. 

[0255] Gypsum is also a useful aggregate materia! since it does not affect the starch^water reactions in the compo- 
5 sitions of the invention. Gypsum dehydrates when heated to about 97''C to fomi the hemihydrate. Upon hydrating, it 
can harden into a rigid structure depending on its concentration, thereby imparting delayed, but additional, binding 
strength to the final product. Other potential binders such as hydraulic cement orTylose® are not preferred because 
they disrupt the gelation reaction between starch and water. In some cases, it may be desirable to fonn ettringite on 
the surface of the aggregate particles In order to improve the interaction and bond interface between the aggregate 
10 particles an d the starch-based binder. 

[0256] Because of the nature of the moldable mixtu res and articles made therefrom, it is possible to include lightweight 
aggregates having a high amount of interstitial space In order to Impart an insulation effect within the molded articles. 
Examples of aggregates which can add a lightweight characteristic and higher insulation to the molded articles include 
perltte. vennicuiite. glass beads, hollow glass spheres, synthetic materials {e.g., porous ceramic spheres, tabular alu- 
'5 mina, etc.), cork, pumice, and lightweight expanded clays, sand, gravel, rock, limestone, sandstone, and other geo- 
logical materials. 

[0257] Porous aggregates can also be used to remove unwanted air bubbles from the article during fonnation. Sol- 
' vents escape from the moldable mixture by first traveling to the surface of the molds and then traveling along the mold 
surface to the vent holes. It is possible for air bubbles to get trapped between the male mold and the outside surface 
20 of the article, thereby pocking the surface. A porous aggregate within the moldable mixture can be used to absorb a 
significant portion of this entrapped gas, thereby helping to reduce the incidence of pocking. The entrapped gas bubbles 
can also be removed through the application of a vacuum. 

[0256] Porous, lightweight aggregates, including zeolites, can be used as a means for conditioning the article during 
the fomning process. Porous aggregates can be presoaked in a plasticizing agent or water. As the mixture containing 

25 the presoaked aggregate is heated to fonn the article, the water is released more slowly from within the porous aggre- 
gate than from the remainder of the mixture. As a result, a portion of the water will remain within the porous aggregate 
in the form-stable article. Once the article is fonned and removed from the heated molds, the water within the porous 
aggregate can diffuse Into the surrounding stmctural matrix, thereby conditioning and softening the structural matrix. 
[0259] Another class of aggregates that may be added to the inorganically filled mixture includes gels and microgels 

30 such as silica gel, calcium silicate gel, aluminum silicate gel, and the like. These can be added in solid fonn as any 
ordinary aggregate material might, or they may be precipitated in situ. Because they tend to absorb waters, they can 
be added to reduce the water content (which will increase the viscosity and yield stress) of the moldable mixture. 
[0260] In addition, the highly hygroscopic nature of silica-based gels and microgels allows them to be used as mois- 
ture regulation agents within the final hardened article. By absorbing moisture from the air, the gels and microgels will 

35 cause the articles to retain a predetemiined amount of moisture under nornial ambient conditions. (Of course, the rate 
of moisture absorption from the air will correlate with the relative humidity of the air). Controlling the moisture content 
of the articles allows for more careful control of the elongation, modulus of elastfcity, bendability, foldabilily, flexibility, 
and ductility of the articles. 

[0261 ] The thennal conductivity or "k-f actor" (defined as W/m-K) of the present articles can be selected by controlling 
40 the foamed stmctural matrix. Artfcles can be made having a low k-factor by having a higher concentration of cells within 
the structural nnatrix. In embodiments in which it is desirable to obtain a container or other article having an even higher 
insulation capability, it may be preferable to Incorporate into the highly inorganically filled matrix a lightweight aggregate 
which has a low thermal conducth^ity. Generally, aggregates having a very low k-factor also contain large amounts of 
trapped interstitial space, air, mixtures of gases, or a partial vacuum which also tends to greatly reduce the strength 
<s of such aggregates. Therefore, concerns for Insulation and strength tend to compete and should be carefully balanced 
when designing a particular mixture. 

[0262] Prefen-ed insulating, lightweight aggregates Include expanded or exfoliated venmlculite, perlite. calcined dia- 
tomaceous earth, and hollow glass spheres - all of which tend to contain large amounts of incorporated Interstitial 
space. However, this list is in no way Intended to be exhaustive, these aggregates being chosen because of their low 

50 cost and ready availability. Nevertheless, any aggregate with a low k-factor, which Is able to Impart sufficient Insulation 
properties to the container or other article, is within the scope of the present invention. In light of the foregoing, the 
amount of aggregate which can be added to the moldable mixture depends on a variety of factors, including the quantity 
and types of other added components, as well as the particle packing density of the aggregates themselves. By con- 
trolling the cellular structure and the addition of lightweight aggregate, articles can be made having a prefen-ed k-factor 

55 In a range of about 0.03 W/m-K to about 0.2 W/m-K. Insulating articles can have a more prefen-ed k-factor in a range 
of about 0.04 W/m-K to about 0.06 W/m-K. Non-insulating articles can have a more preferred k-factor in a range of 
about 0.1 W/hri-K to about 0.2 W/m K. 

[0263] The inorganic aggregates may be included in an amount in a range from about 0% to about 80% by weight 
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of the total solids within the inorganically filled moldable mixture, with the prefen^d amount depending on the desired 
proper times of the finat molded article and^or the desired theology of the moldable mixture. If included, the inorganic 
aggregate Is added in an amount in a range from about 20% to about 80% by weight of solids in the starch-based 
composition, more preferably from about 30% to about 70%. and most preferably from about 40% to about 60% by 
5 weight. If included, inert organic aggregates will preferably be included in an amount in a range from ai)out 5% to about 
60% by weight of the total solids. If included lightweight aggregates, defined as those having a density lower than about 
1 g^cm^, are preferably included in an amount in a range from about 5% to about 85% by volume of the inorganically 
filled moldable mixture, more preferably from about 15% to about 65%, and most preferably from about 25% to about 
55% by volume. 

10 

E. Mold-Releasing Agents . 

[0264] To assist in demolding the newly formed articles, a mold-releasing agent can be added to the moldable com- 
position. Medium- and long-chain fatty acids, their salts, and their acid derivath^es can be used as mold-releasing 
f5 agents. The prefen-ed medium and long chain fatty acids typically occur in the production of vegetable and animal fats 
and have a carbon chain greater than C^g. The most preferred fatty acids have a carbon chain length from C^g to C^g. 
The fats and salts used herein need not be in a pure fomi but merely need to be the predominant component. That 
is,, the shorter or longer chain length fatty acids, as well as the corresponding unsaturated fatty acids, can still be 
present. 

20 [0265] Preferred mold-releasing agents for use in the present invention include stearates, which have hydrophobic 
properties and are not soluble in water. Stearate are salts of stearic acid and have the general fomnula of CH3 
(CH2)i6COO-X+, where X+ can be an ion of Al, Mg, Na, K, or Ca. Stearates have specific melting points that vary 
depending on what salt is used. Aluminum stearate Is one preferred mold release agent that has been approved by 
the FDA. Aluminum stearate has a lower melting point of 1 1 0^'C and gives a smoother surface finish to a fomied article. 

25 On the other hand, zinc stearate is a health hazard and should be avoided, especially when forming food or beverage 
containers. Generally, a lower melting point or Increased amount of stearate will gh^e a smoother surface to a fomied 
article. 

[0266] Stearates are grease repellant or resistant, allow the molding time of a product to be reduced, give a better 
surface content, provide heat transfer, and produce a continuous phase. When a dean mold is used to fomn products, 
30 a seasoning process takes place by using the stearates In the composition to be formed. The formed products Improve 
in their surface finish appearance with each molding during the first few runs. It appears that the stearates on the 
surface of the product are getting transferred to the mold surface during the first few runs to provide the seasoning 
effect to the mold. 

[0267] Silicones can also be used as mold releasing agents. Lecithin, which is a mixture of phosphatides and glyc- 
35 erides, can contribute to lessening of the stickiness of the moldable mixture, providing mold releasing properties, and 
can improve the flexibility of the formed articles. 

[0268] Various waxes such as paraffin and bees wax, and Teflon-based materials can also be used as mold-releasing 
agents. One of the added benefits of using wax is that it can also act as an integral coating material, as discussed 
later. Other materials, such as CaS, calcium silicate and Lecithin, have -also been found to wortc as mold-releasing 

40 agents. To further assist in releasing the articles from the molds, the molds can be polished, chrome plated, or coated 
with, e.g., nickel, Teflon, or any other material that limits the tendency of the artk:les to sttek to the molds. 
[0269] The above mold-releasing agents are preferably added to the mixture in a range from about 0.05% to about 
15% by weight of the total solids, more preferably in a range from about 0.1% to about 10% by weight, and most 
preferably in a range from about 0.5% to about 1 % by weight. It is preferred to use a smaller amount of mold-releasing 

45 agents since agents such as stearates are generally very expensh/e. 

F. Rheology-Modlfying Agents . 

[0270] Rheotogy-modlfying agents can be added to increase the yield stress and cohesive nature of the moldable 
50 mixture In the case where large amounts of water are included relative to the amount of starch-based binder used to 
fonm either the preblended mixture in a two-step mixing process, or the overall starch-based composition in either a 
one-step or two-step mixing process. The rheology-modifying agent may also be referred to as a "thickening agent." 
A rheology-modifying agent, or thickening agent, may be added to the mixture for at least two very distinct reasons: 
(1 ) to increase the ability of the fluid fraction to unifonnly disperse the fibers using either the one-step or two-step mixing 
55 process; and (2) to prevent the solkj components from settling, separating, or otherwise segregating from the fluid 
fraction after the starch-based composition has been homogeneously mixed. Of course, the thk:kening agent may 
perfonn both functions. Depending on the desired rheology of the fluid fraction, one of ordinary skill in the art can select 
the type and amount of rheology-modifying agent to be added to the mixture. Nevertheless, ft is generally prefenred to 
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include an annount of rheotogy-modifying agent that will not substantially Interfere with the gelation of the starch-bound 
binder Because modified or gelatinized starches can be used as a thickening agent, it may be preferable in many 
cases to simply rely on the thickening effect of a gelatinized starch-based binder since it will be chemically compatible 
with and not signifk^ntly interfere with the gelation reaction between the water present in the mixture and the yet 

s ungelated starch-based binder component. 

[0271] A variety of natural and synthetk: organk: rheology-modtfying agents may be used which have a wide range 
of properties, including yield stress, viscosity, and solubility in water. Suitable rheology-modifying agents include cel- 
luiose-based materials such as methylhydroxyethylcellulose, hydroxymethylethylcellulose, cartooxymethyteellulose, 
methytcellulose, ethyicellulose, hydroxyethyk:ellu)ose, hydroxyethylpropykselluiose. hydroxypropylmethyk:e(lutose, 

10 etc. The entire range of possible penmutations is enormous and shall not be listed here, but other cellulose materials 
whk:h have the same or similar properties would also work well. 

[0272] Other natural polysaccharide-based rheology-modifying agents include, for example, algink: acid, phycocot- 
loids, agar, gum arabk:, guar gum, locust bean gum, gum karaya, xanthan gum, and gum tragacanth. Suitable protein- 
based rheology-modtfying agents include, for example, Zein® (a prolamine derived from com), collagen (derivatives 

IS extracted from animal connective tissue such as gelatin and glue), and casein (derived from cow's milk). 

[0273] Finally, suitable syntheVic organic rheology-modifying agents that are water dispersibte include, for example, 
polyvinyl pyrrolidone, polyethylene glycol, polyvinyl ak:ohol, potyvinytmethyl ether, potyacryik; acids, polyacrylk; acid 
salts, polyvinyl acrylic acids, polyvinyl acrylk: acid salts, polyacrylamides, ethylene oxide polymers, polylactk: add, and 
latex (which is a broad category that includes a variety of polymerizable substances fonned in a water emulsion; an 

20 example is styrene-butadiene copolymer). Synthetk: organk: polymers, especially the polyvinyl compounds, are also 
used as film binders to produce a hydrophobic surface on the starch-based binder. The hydrophobic surface stows 
down the rate of water at>sorption by the starch-based binder in the mixing process, thereby permitting quicker fonnation 
of fomvstable articles. 

25 G. Dispersants . 

[0274] The tenn "dispersant" shall refer in the specification and the appended claims to the class of materials which 
can be added to reduce the viscosity and yield stress of the starch-based composition. They are preferably added, if 
at all, after the fibers have been unifonmly dispersed. A more detailed description of the use of dispersants may be 
30 found In the Master's Thesis of Andersen, P. J., "Effects of Organk: Superplasticizing Admixtures and their Components 
on Zeta Potential and Related Properties of Cement Materials" (The Pennsylvania State Unh/ersity Materials Research 
Laboratory. 1987). For purposes of disclosure, the foregoing Master's Thesis is Incorporated herein by specific refer- 
ence. 

[0275] Dispersants generally work by being adsorbed onto the surface of the aggregate particles and/or into the near 
35 colloid double layer of the particles. This creates a negative charge on or around the surfaces of the partfoles causing 
them to repel each other. This repulsion of the particles adds "lubrication" by-reducing the friction or attractive forces 
that would otherwise cause the particles to have greater interaction. This increases the packing density of the material 
somewhat and allows for the addition of less water while maintaining the workability of the starch-based composition. 
Dispersants can be used to create low viscosity, workable mixtures that flow more easily into the mold within the addition 
^ of significant quantities of additional water. Hence, such mixtures may t>e suited for, e.g., the production of higher 
density artk:les. In addition, the use of dispersants has been found to yield articles having superior surface qualities 

H. Other Admixtures. 

^ [0276] A variety of other components can be added to the nrtoldabte mixture to impart desired properties to the final 
article. For example, enzymes such as cariDohydrase, amylase, and oxidase produce holes in the surface of starch 
granules pennftting the starch-based binder to gelate faster in the case where ungelated starch Is used. As a result, 
the viscosity of the mixture increases at a faster rate, thereby producing arttoles with a stronger and more unifomi cell 
structure. 

so [0277] Artteles can initially be fomied having a desired flexibility (as opposed to obtaining flexiblltty through the use 
of a humidity chamber) by adding components that will tightly bind the water within the starch molecules. This can be 
achieved with the addition of humectants or deliquescent chemicals, such as MgClg, CaCl2, NaCI, or calcium citrate. 
Because all of these chemk^is are readily water soluble, they are able to distribute and retain water wittiin the starch 
molecules to provide a more uniform distribution of moisture. In tum, the moisture Improves flexibility. 

ss [0278] Flexibility can also be obtained by adding softeners or plastcizers to the moldable mixture. Such plastteizers 
include Polysorbate 60, SMG, mono and dtglycerides and distilled monoglycerides. Other specialized plasticizers hav- 
ing a boiling point above the maximum temperature reached by the mixture during the forming process can also be 
used. These chemicals, which include polyethylene glycol (below 600 MW), glycerin, and sorbitol, tend to take the 
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place of water and function as plasticizers with moisture as low as 5%. They are believed to attach themselves to the 
hydroxy! groups of starch molecules and fomn a hinge-like structure. Since the plasticizers do not vaporize during the 
forming process, they remain within the f omi-stable article, thereby softening the starch-bound matrix. Integra! coating 
materials that generally have a melting point above the boiling point of super heated water within the nnolded article, 

s but below the maximum temperature achieved at or near the surface of the molded article while in the mold can be 
used. These include waxes, polylactic acid, shellac, or other polymers. In addition, interriat sealing materials such as 
polyvinyl alcohol and latexes can be added to generally make the cellular matrix more water resistant. Rnally, cross- 
linking admixtures such as dialdehydes, methylureas, and melamine formaldehyde resins can be added to the mixture 
to produce a less water soluble starch-based binder. The cross-linking admixtures bind to the hydroxyl ions of the 

10 starch-based binder, which slow down the water reabsorptlon rate of the starch-based binder. As a result, the final 
artk^es obtain fonn stability at a faster rate, have higher strength, and are able to retain liquids longer before failure 
(e.g., a cup can hoM water longer before it starts to leak). 

V. PROCESSING APPARATUS, CONDITIONS, AND RESULTS. 

15 

[0279] The artteles of manufacture of the present invention are produced through a multistep process. The steps 
include preparing the mixture, including first the preblended mixture and the final moldable composition, and forming 
the composition into the desired artrcles. Additional optional processing steps may include, for example, printing, coat- 
ing, conditioning, and packaging of the final articles. The apparatus used in the processing steps are discussed below. 

20 The inventive articles can be prepared using conventional equipment well known to those skilled in the arts of poly- 
styrene foam, paper, plastic, cement, and starch-bound materials. The equipment, however, must be uniquely combined 
and arranged to fonn a functional system that can manufacture the present artteles. Furthemiore, slight modification 
of the equipment may be required to optimize production of the artfeles. The arrangement, modification, and operation 
of the equipment needed to manufacture the inventive articles can be performed by those skilled in the art of using the 

25 conventional equipment in light of the present disclosure. 

A. Preparing the Mixture. 

[0280] As depteted in Figure 4, the preblended mixture and the final moldable starch-based mixture are preferably 
30 prepared In a mixing tank 20 fed by bulk storage cells 22. The number of storage cells 22 is dependent on the number 
of components to be Incorporated into the mixture. Storage cells 22 typically comprise dry load cells 24 and liquki load 
cells 26. Dry load celts 24 house solid components such as the starch-based binder, fillers, and fibers. Dry material 
metering units 28, typically consisting of some fomn of auguring system, automatically and accurately measure and 
feed the desired amount of dry mixture into mixing tank 20. 
35 [0281] Liquid load cells 26 house liquid components such as the solvent and different liquid rheology-modifying 
agents. When appropriate, automatic stirrers can be positioned within the liquid load ceils 26 to help prevent separation 
or settling of a liquid. Metering pumps 30 automatically and accurately measure and feed the liquids into mixing tank 20. 
[0282] Mixing tank 20 is preferably a high energy mixer capable of quk^kly and homogeneously blending the com- 
ponents into the aforementioned preblended and moldable mixtures. Such high energy mixers include the TMN turbo 
40 batter mixers that are available from Franz Haas Waffelmaschlnen of Vienna, Industriegesellschaft M.B.H. Austria. 
Altemative high energy mixers are disclosed and claimed In U.S. Patent No. 4,225,247 entitled "Mixing and Agitating 
Device": U.S. Patent No. 4,552,463 entitled "Method and Apparatus for Producing a Colloidal Mixture"; U.S. Patent 
No. 4,889,428 entitled "Rotary Mill"; U.S. Patent No. 4,944.595 entitled "Apparatus for Producing Cement Building 
Materials"; and U.S. Patent No. 5.061 ,319 entitled "Process for Producing Cement Building Material". For purposes of 
disclosure, the foregoing patents are incorporated herein by specific reference. Alternatively, a variable speed mixer 
can be used to provide low energy mixing. Variable speed mixers include the Eirich Rv-11 . Where fragile fillers or 
aggregates, such as glass spheres, are being Incorporated into a mixture, It Is preferred to use low energy mixing so 
as not to crush the aggregate. 

[0283] As further depicted in Figure 4, once the mixture is prepared, it is pumped through an oscillating screen 32 
so to a storage mixer 34. Oscillating screen 32 helps to separate out and disperse unmixed clumps of the solids in the 
case of very nonviscous mixtures, including a yet to be gelated preblended mixture. Storage mixer 34 functions as a 
holding tank to pemiit continuous feeding of the moldable mixture to the fonning apparatus. The moldable mixture is 
fed to the fomiing apparatus via a conventional pump 36. In one embodinrwnt, storage mixer 34 is sealed closed and 
a vacuum pump 38 is attached thereto. Vacuum pump 38 applies a negath^e pressure to the moldable mixture to 
S5 remove air bubbles that may be entrained in the mixture. As previously discussed, unwanted air bubbles can cause 
surface defects within the final products. 

[0284] Storage mixer 34 continuously stirs or mixes the moldable mixture at low energy to prevent settling within the 
moldable mixture. Where the forming apparatus operates on batch processing, as opposed to continuous processing, 
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storage tank 34 can be eliminated and the mixture fed directly from mixing tank 20 to the fomiing apparatus. A complete 
automated system of load cells and mixers includes the DANMIX moldable batter mixing system that can be purchased 
from Franz Haas Waffelmaschinen Industriegesellschaft M.B.H. of Vienna, Austria. 

[0285] in most cases, where a higher yield stress, more viscous moldable mixture is used, it will usually be necessary 
5 to use an auguring system to mix and transfer either the gelated preblended mixture or the moldable mixture, in one 
embodiment, optional admixtures such as the inorganic filler component to be incorporated into the moldable mixture 
are automatk^ally and continuousty metered, mixed, and deatred by a dual chamber auger extruder apparatus. Figure 
5 depicts a dual chamber auger extruder 40, which includes a feeder 42 that fee(te the moldable mbcture into a first 
interior chamber 44 of extruder 40 Within first interior chamt>er 44 is a first auger screw 46 which both mixes and exerts 
10 forward pressure advancing the nrtoldabie mixture through first interior chamber 44 toward an evacuation chamber 48 . 
Typrcally, a negative pressure or vacuum Is applied to evacuation chamber 48 in order to remove unwanted air voids 
within the moWable mixture. 

[0286] Thereafter, the mokiable mixture is fed into a second interior chamber 50. A second auger screw 52 advances 
the mixture toward the article forming apparatus. Auger screws 46 and 52 can have different flight pitches and orien- 
ts tations to assist in advancement of the mixture and perfomning low and high shear energy mixing. Auger extruder 40 
can be used to independently mix the components of the moldable mixture, or. as shown in Rgure 5, can be fed by a 
mixer 54. A preferable twin auger extruder apparatus utilizes a pair of unifom) rotational augers wherein the augers 
rotate in the same direction. Counter-rotational twin auger extruders, wherein the augers rotate in the opposite direc- 
tions, accomplish the same purposes. A pugmill may also be utilized for the same purposes. Equipment meeting these 
20 specifications are available from Buhler-Miag, Inc., located in Minneapolis, Minnesota. 

[0287] High yield stress, high viscosity mixtures are typically fed into the fomning apparatus by either a two-stage 
injector or a reciprocating screw injector. As depicted in Figure 6, a two-stage injector 56 has separate compartments 
for mixing or advancing and injecting. The mixture is conveyed to an extruder screw 58, which feeds the mixture to a 
shooting pot 60. Once shooting pot 60 is filled, an injection piston 62 pushes a defined quantity of the mixture into a 
2S flow channel 64 that feeds the fomning apparatus. 

[0288] As depicted in Figure 7, a reciprocating screw injector 66 comprises a chamber 68 having a screw auger 70 
longitudinally positioned therein. The moldable mixture is fed into chamber 68 and advanced by screw auger 70. As 
screw auger 70 rotates, it retracts and feeds the mixture to injection end 72 of screw auger 70. When the required 
volume of the mixture has accumulated at end 72, screw auger 70 stops rotating and moves fonA^ard to inject the 
30 mixture Into flow channel 64 and subsequently to the fonning apparatus. 

B. Forming the IWIxture into the Desired Article. 

[0289] Once the mixture Is prepared, it is preferably fomied into the desired shape of the article through the use of 
35 heated molds. Figure 8 depicts a heated male mold 74 having a desired shape and a heated female mold 76 having 
a complementary shape. Female mold 76 comprises a mold body 78 having a flat mold face 80 with a receiving chamber 
82 bored therein. Receiving chamber 82 has a mouth 84 through which it is accessed. Male mold 74 comprises an 
attachment plate 86, a die head 88 having a shape substantially complementary to the shape of receiving chamber 
82, and a venting ring 90 extending between attachment plate 86 and die head 88. Venting ring 90 is slightly larger 
40 than mouth 84 of receiving chamber 82 and contains a plurality of venting grooves 92 that are longitudinally aligned 
with die head 88. 

[0290] In the preferred enr^odiment, the molds are verttcatly aligned with female mold 76 being positioned below 
male mold 74. In this orientation, as shown in Figure 9, receiving chamber 82 acts as a container for receiving the 
moldable mixture from a filling spout 94. Once the mixture is positioned within female mold 76, the moWs are mated, 
45 as shown in Rgure 10, by Inserting die head 88 into receiving chamber 82 until vent ring 90 comes to rest on moW 
face 80 around mouth 84. Die head 88 Is slightly smaller than receiving chamber 82 so that when the molds are mated, 
a mold area 96 exists between male mold 74 and female moid 76. As previously discussed, the amount of moldable 
mixture positioned In female mold 76 preferably only fills a portion of moki area 96. 

[0291] in the mated position as shown In Figures 11 and 11 A. vent grooves 92 communk^ate with mold area 96 to 
so fonfn vent holes 98. Furthermore, a venting gap 100 is fonried between mold faice 80 and attachment plate 86 as a 
result of venting ring 90 resting on mold face 80. During operation, the heated molds cause the moldable mixture to 
expand and dry into a solid article according to the process and parameters as previously discussed. Excess material 
1 02 and vapor is expelled from mold area 96 through vent holes 98 and Into venting gap 1 00. Once the mixture becomes 
form-stable in the desired shape of the arttele, male mold 74 and female mold 76 are separated. As depicted in Figure 
55 1 2, a scraper blade 1 03 can then be pressed along the length of mold face 80 to remove excess material 1 02. 

[0292] The moWs can have a variety of shapes and sizes to form the desired article. However, there are two general 
types of molds: dual molds and split molds. As shown in Figure '13, dual mold 104 conprises a single male mold 74 
and a single female mold 76. This type of mold is used for making shallow arttoles. such as plates and lids, that are 
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easily removed from the molds. Split molds 1 06, as shown in Figure 1 4. comprise a single male mold 74 and a female 
mold 76 that can be separated into mold halves 1 08. Mold halves 1 08 are separated after the article is formed to permit 
easy removal of the article. Split molds 106 are used for the production of deep recessed articles such as cups and 
bowls that can be difficult to remove from a mold. 

[0293] One method for removing articles from the mold is by a suction nozzle 110. As shown in Rgure 14, suction 
nozzle 1 1 0 has a head 1 1 2 with vacuum ports 1 1 4 located thereon. Head 1 1 2 is designed to complementarily fit within 
the hardened article. Accordingly, by Inserting head 112 into the article and applying a slight negative pressure through 
vacuum ports 114, the article can be picked up and moved to a conveyor belt for subsequent processing. 
[0294] The molds are preferably made of metals such as steel, brass, and aluminum. Polished metals, including 
chrome and nickel, along with Teflon coatings, make it easier to remove the articles from the molds and create a 
smoother finish. The material of the molds must be able to withstand the temperatures and pressures, as previously 
discussed, encountered during the manufacturing process. 

[0295] The molds can be heated in a variety of ways. For example, external heating elements, such as gas bumere, 
infrared light, and electrical healing elements, can be attached or directed at the molds. Alternatively, heated liquids, 
such as oils or heated gases, such as steam, can be piped through the molds to heat them. Various types of heating 
can also be used to vary the temperature of the molds along the length of the molds in order to vary the properties of 
the hardened matrix within the molded arttele. It is also possible to heat the mixtures without heating the molds. For 
example, the molds can be made out of ceramic and microwaves be applied to heat the mixture. 
[0296] By varying the temperature and processing time it is possible to affect the density, porosity, and thickness of 
the surface layer, or skin. Generally, in order to yield a molded arttele having a thinner but more dense surface layer, 
the molding temperature is lower, the molds have fewer vents, and the moWable mixture has lower water. The yield 
stress and viscosity of the mixture can be increased by, e.g„ gelating a higher fraction of the starch-based binder during 
preparation of the preblended mixture and/or adding a rheology-modifying agent, such as Tylose®, including less water, 
or using an aggregate material having a higher specific surface area. 

[0297] The temperature of the moWs can be varied throughout the molds in order to unevenly heat the article. This 
may be desired, e.g., where articles of varying wall thickness or density are manufactured. As discussed eariier. in- 
creasing the mold temperature increases the rate of evaporation of the water from the moldable mixture as It is formed 
into a desired article. Also, increasing the wall thickness Increases the time it takes to create a fonn stable article. 
Where the desired article will have greatly varying wall thickness throughout it may be advantageous to offset the 
tendency of the thicker-wall portion to harden more slowly than the thinner-walled portion by Increasing the temperature 
of the mold at the location of Increased thickness, thereby Increasing the rate of evaporation of water at that location. 
Similariy, because Increasing the temperature of the mold Increases the rate of evaporation of water, It would be ex- 
pected that the portion of the molded article nearest a hotter portion of the mold would have a lower density than the 
portion of the molded article nearest a cooler portton of the mold. 

[0298] One method for mass producing the articles of the present invention is by means of the heated molding 
apparatus depicted in Figure 15. As depicted in Figure 15, heated molding apparatus 116 has a forming station 118 
attached to and communicating with a heating apparatus120. Heating apparatus 120 includes an insulation wall 122 
that defines a heating chamber 124. Heating elements 126 are positioned within heating chamber 124 for heating 
chamber 1 24. A track system 1 28 extends through both fonning station 1 1 8 and heating chamber 1 24 in a continuous, 
circular fashion. Track system 128 includes an upper track 130 and a lower track 132. Riding on tracks via wheels 134 
are a plurality of interconnected, hingedly attached heated molds 1 36. As best shown in Figure 1 6, each mold has a 
top plate 138 and a bottom plate 140 with the plates being connected together at one end by a hinge 1 42. Top plate 
138 and bottom plate 140 include a male mold 74 and a female mold 76, respectively, as previously described. 
[0299] Heated molding apparatus 1 1 6 functions as a continuous process to mass produce desired articles. Production 
of the articles is perfomned in several stages that are simultaneously being performed by different heated molds 136 
In the chain of molds. As shown in Figure 16, In the first stage, heated molds 136 are open and positioned under a 
filling spout 144 for receiving the moldable mixture. Heated molds 136 are opened by separating the upper and kwer 
tracks 130 and 132 on whteh the top and bottom plates 138 and 140 ride, respectively. Filling spout 144 is used to 
discharge a selected quantity of the moldable mixture into female mold 76. 

[0300] Once female mold 76 Is filled, heated molds 136 advance and are closed as a result of upper and lower tracks 
130 and 132 closing together. To facilitate cyclfc separation of the molds, as previously discussed, the tracks can be 
designed to cycltely diverge and converge as shown at point C on Rgure 15, thereby repeatedly opening and closing 
the molds. Once cyclic separation Is completed, the molds are locked and the forming process is continued. 
[0301] One preferred mechanism for locking the molds Is described in United States Patent No. 4,953,453, issued 
September 4, 1990, to Franz Haas, Sr. and entitled "Apparatus for Operating Locks of Baking Tongs for Producing 
Rotatable, Preferably Edible Wafers from Wafer Dough in a Wafer Baking Oven or an Automatic Wafer Baking Machine" 
(hereinafter the 'Haas '453 patent"). For purposes of disclosure, the above patent is incorporated herein by specific 
reference. The Haas '453 patent discloses a locking mechanism that prevents the forcing of the lock or disruptfon of 
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the process when the molds faii to properly align and close. More conventional locking mechanisms can be used; 
however, they must be able to withstand the pressures produced by the heated mixtures. 

[0302] Referring to Rgure 15, heated molds 136 travel the length of heated apparatus 120, rotate to an inverted 
position, and then travel back to fonning station 118. In accordance with the present invention, heating elements 126 
5 are positioned within heating chamber 124 for heating heated molds 136 as they travel through oven chamber 124. 
By way of example and not by limitation, heating elements 1 26 can include electrical heating elements, gas burners, 
and infrared lights. 

[0303] The speed at which the molds travel through heating apparatus 120 is in part limited by the required time it 
takes to stop and fill heated molds 136. The filling time is, of course, dependent on the size of the article being mokled. 

10 The time that the molds remain in the oven is dependent on several variables, Including the so^ent content, heating 
apparatus temperature, and filing volume, as prevtously discussed. To pemnit the adjustment of the forming time without 
modifying the speed of the molds, heating apparatus 120 is built to Include unit sections 146. Unit secttons 146 can 
be removed from heating apparatus 120 or new sectk>ns can be added to heating apparatus 120 so as to pemnit 
selective adjustment of the length of heating apparatus 120. The fomiing time and temperature are selected so that 

15 when heated molds 136 return to fonming station 118. the artk^Ie can be removed from the molds in a form-stable 
condition. 

[0304] Refemng again to Rgure 1 5, once the molds return to fonning station 1 1 8, heated molds 1 36 are again opened 
by separating upper and lower tracks 130 and 132. A scrapper blade 148, depicted in Rgure 17, can then be passed 
over female mold 76 to remove excess material 102 that may have exited through vent holes 98 during the heating 

20 process. The artfcle can then be removed from female nrrotd 76. 

[0305] The arttotes can be removed from the mokts in a variety of different manners. For example, as shown in 
Rgures 1 5 and 1 6, when dual molds 184 are used, as the separated molds pass through fomning station 1 1 8. the molds 
are again rotated so as to invert back into their original orientation. As the molds are rotated, the force of gravity causes 
the fonued articles to fall out of heated molds 136. A conveyer belt can then be used to catch and transfer the articles 

25 for subsequent processing. When split molds 1 06 are used, the removal process entails separating of mold halves 1 08 
and allowing the articles to fall down a collection chute 149 under the force of gravity, as shown in Rgure 15. The 
articles then continue along a conveyor belt through the remaining processing steps. With the articles removed fonn 
the molds, the molds return to filling spout 144 and the process is repeated. 

[0306] A typteal heated molding apparatus 116 may be selected from a variety of commercially available heated 
30 molding apparatus, such as the SWAK T, SWAK I, and SWAK wafer baking machines, and the STAK, STAZ and STA 
Ice cream cone machines. These heated molding apparatus can be purchased from Franz Haas Waffelmaschlnen 
Industriegesellschaft M.B.H. of Vienna, Austria. Although the above-listed apparatus have been used In the past pri- 
marily for the production of edible wafers and ice cream cones, the listed apparatus can be used In the present invention 
by inserting the proper mold shapes, which have been selectively modified as previously discussed, depending on the 
35 desired processing parameters and the type of article to be produced. 

[0307] As an alternative to the Haas heated molding apparatus, conventional expanded polystyrene manufacturing 
equipment (hereinafter "EPS machine") can be modified to produce the articles of the present invention. As depicted 
in Figure 1 8, a conventional E PS machine comprises a male mold 1 50 and a female mold 1 52, the molds being vertically 
aligned with female mold 152 being on top. Female mold 152 includes a mold body 154 having a receding chamber 
40 156 defined by a mold wall 158. At one end of mo\di wall 158 is a mounting lip 160. Located within mokl wall 158 is a 
female wall cavity 162. Communrcating writh receiving chamber 156 is a filling channel 164 that is selectively opened 
and closed by a piston 1 66. Rnally. communk^ting with filling channel 164 is a filling tube 168 that is also opened and 
closed by piston 166. 

[0308] Male mold 150 has a die head 170 having a shape substantially complementary to receiving chamber 156. 
45 Die head 170 has a base 172, a side wall 174, and a top 176. Circumferentionally located within die head 170 near 
top 1 76 is a chamber 1 78. Positioned within chamber 1 78 is an expandable vent spring 1 79. Chamber 1 78 communi- 
cates with a pressure tube 1 80 positioned within die head 1 70. Chamber 1 78 also communtoates with the environment 
through a venting slot 1 81 that extends between chamber 1 78 and the exterior of male moM 1 50. Located at base 1 72 
Is a venting groove 1 82 that Is complementary aligned with mounting lip 1 60. Finally, a male wall cavity 1 84 is poslttoned 
so within die head 1 70 near side wall 1 74 and top 1 76. 

[0309] During typical operation of the EPS machine, the molds are initially mated, as shown in Figure 1 9, to form a 
mold area 1 86 between the molds. Air is blown through filling channel 1 64 into mold area 1 68 and exits through a vent 
gap 188 located between mounting lip 160 and venting groove 182. The blowing air causes a suction that pulls poly- 
styrene beads located in filling tube 1 68 into mokJ area 186. Venting gap 188 is sufrK:iently small to prevent the poly- 
ps styrene beads from escaping. 

[031 0] Once the mold area Is filled with the polystyrene beads, filling channel 1 64 is closed by piston 1 66. Steam is 
passed into female wall cavity 162 and male wall cavity 184 heating female mold 152 and male mold 150. Steam is 
also blown into mold area 186 through pressure tube 180 and venting slot 181. As the steam enters chamber 178 
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through pressure tube 180, the pressure resulting from the steam causes vent spring 179 to expand, pemfiitting the 
steam to pass through venting groove 182. Once the steam is stopped, vent spring 179 retracts, preventing material 
in mold area 186 from entering into chamber 178. 

[031 1] As a result of the heated steam, the polystyrene beads heat, expand, and melt together forming the desired 
5 article. Cold water is then passed through female wall cavity 162 and male wall cavity 184 to cool the molds and 
subsequently harden the polystyrene article. Once the article is fomried, the molds are separated and the article re- 
moved. The article is most easily removed by blowing air through chamber 178 which pushes the article off male mold 
150. 

[0312] A conventional EPS machine can be used In a couple of different methods to produce the articles of the 
10 present invention. In the first method, the EPS machine is used in substantially Its nomnal configuration. By using a 
mixture having a consistency sImOarto that of a wet powder, the mixture can be sucked into mold area 186 by passing 
air through filling channel 164. However, since the mixture of the present invention hardens upon being heated, as 
opposed to cooled, the wall cavities 162 and 186 should be continually heated by steam or other heated liquids lil<e 
oil. It is also prefen-ed to insulate and cool filling lube 168. Heating of filling tube 168 can result in the gelation and 
<5 hardening of the starch-based binder, thereby clogging tube 168. Nevertheless, by providing a cool-down cycle after 
the heating cycle, it is possible to demold the articles while maintaining enough moisture within the structural matrix 
to keep It flexible without the need for a subsequent condittoning step. 

[031 3] By regulating the size of vent gap 1 88. pressure can be built up within mold area 1 86, thereby producing the 
foamed articles in the same manner as previously discussed. One advantage of using the EPS machine in its norniat 
20 configuration is that the final articles remain on male mold 1 50 after the molds are separated. The article can then be 
easily removed by blowing air through pressure tube 180. 

[031 4] In an alternative method, the molds of the EPS machine can be Inverted so that female mold 1 52 is vertically 
aligned below male mold 150 and acts as a receptacle for the moldable mixture. The mixture can then be poured into 
female mold 152 through an extemai spout while the molds are open. The molds can then be closed and the article 

25 formed in the same manner as previously discussed. 

[0315] A modified expanded polystyrene (EPS) machine can be used In forming artfcles from the compositions of 
the present invention. The modified EPS machine is an injection molding system having thin walls with a lower heat 
capacity so the heat can be removed easier during hot and cold cycling, which occurs through the use of hot steam 
and cold water. In using this system, the mold is opened and the mixture is injected therein. The mold is then closed 

30 and sealed, and the mixture Is heated to about 200°C. The starch In the mixture gelates, becomes plastic, and flows 
in the heated mold. The vent holes are then opened to expand the material and create a foamed structural matrix. The 
mold Is then cooled before removal of the product, and the starch gel solidifies and maintains conditioning water in the 
structural matrix. The mold Is then opened to remove the finished product whteh has form stability, 
[0316] In an alternative embodiment, the articles of the present invention are mass produced by the molding appa- 

35 ratus depicted In Figure 35, whnh is commercially available as the BIOMAT 32 starch foam expansion unit from Wal- 
terweric Kiel GmbH. & Co. KG. located in Kiel, Gemriany. As shown In Rgure 35, molding apparatus 202 has a fonning 
station 204 attached to and communicating with a heating apparatus 206. Heating apparatus 206 includes an insulation 
wall 208 that defines a heating chamber 210. Heating elements 212 are positioned within heating chamber 210 for 
providing heat therein. A track system 214 extends through both fomning station 204 and heating chamber 210 in a 

40 continuous, circular fashion. Track system 21 4 includes an upper track 21 6 and a lower track 21 8. Riding on track 
system 214 via wheels 220 are a plurality of interconnected heated molds 222. 

[0317] As best shown in Rgure 36, each mold has a top plate 224 and a bottom plate 226. whfch are connected 
together at one end by a hinge 228. Top plate 224 and bottom plate 226 include a male mold 230 and a female mold 
232, respectively. Moteling apparatus 202 functions in a continuous process to mass produce desired artnles. Produc- 
es tton of the articles is perfomied in several stages that are simultaneously being performed by different heated mokis 
222 in the chain of molds. 

[0318] Referring to Figure 36, in the first stage, heated molds 222 are open and positioned under a filling spout 234 
for receiving a moldable mixture 248. Heated molds 222 are opened by separating upper track 216 and lower track 
218 on whkih top plate 224 and bottom plate 226 ride, respectively. Filling spout 234 is used to discharge a selected 

50 quantity of moldable mixture 248 into female mold 232, although this system can be modified to accommodate com- 
positions having greatly varying rtieologies. For example, highly viscous or high yield mixtures can be extruded to fomi 
a discrete volume of material, which is then separated and dropped into the mold by a cutting means. Once female 
mold 232 Is filled, heated molds 222 advance and are closed as a result of upper track 21 6 and lower track 21 8 closing 
together Conventional locking mechanisms can be used to lock the mold halves together as long as they are able to 

55 withstand the pressures produced by the heated mixtures {up to about 5 Bars).. 

[0319] Referring to Figure 35, heated molds 222 travel the lerigth of heating apparatus 206, rotate to an inverted 
position, and then U-avel back to fonming station 204. Heating elements 212 are positioned within heating chamber 210 
for heating heated molds 222 as they travel therethrough. The speed at whbh heated molds 222 travel through heating 
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apparatus 206 is in part limited by the required time it takes to fill heated molds 222. The filling time is, of course, 
dependent on the size of the article being molded. The forming time and temperature are selected so that when heated 
molds 222 return to forming station 204. the formed articles can be removed from the molds in a form-stable condition. 
Once the nrK>lds return to forming station 204, heated molds 224 are again opened by separating upper track 216 and 
s lower track 21 8. A scraper blade 236 is then passed over female mold 232 to remove excess material that may have 
exited through vent holes during the heating process. 

[0320] Fomied articles 244 are removed from female mold 232 by vacuum suction cups 242 attached to a plurality 
of movable arms 238. Vacuum suction cups 242 are made of silicone rubber and are heat resistant up to about 250**C, 
Amns 236 are attached to the axle of a rotating drum 240 and follow the rotational speed of the axle of drum 240. 

10 Movement of drum 240 is controlled by track system 214, with dnim 240 positioned within lower track 21 8. As drum 
240 rotates, arms 238 bend in toward the opened heated mold to pick up fomied products 244 with suction cups 242. 
Arms 238 then bend outward from drum 240 and a conveyer belt 246 is used to catch and transfer formed products 
244 for subsequent processing such as applying a coating thereto. With fomned products 244 removed fonm heated 
molds 222, the molds return to filling spout 234 and the process Is repeated. 

'5 [0321 J In an alternative process for fomiing articles of the Invention using molding apparatus 202, a moldable mixture 
248 Is prepared using a Hobart mixer, Eirich mixer, or similar mixer having an 80 gallon capacity. Such a niixer provides 
enough material for the production of at least about 3000 articles per hour, up to about 14,000 per hours. The moldable 
mixture is then transferred to a vacuum hopper and pumped using a monopump having one auger through a dispensing 
pipe 250 to filling spout 234. The monopump pushes the material underpressure at a rate of about 6 kgyhnin. A guillotine 

20 mechanism Is used to open and shut filling spout 234 for a specify time, preferably for about 0 .3 seconds. This allows 
about 30 grams of the moldable mixture to be dispensed into female mold 232. The filled molds then go th rough heating 
apparatus 206 at a rate of 35 cm per second and are heated for about 30-35 seconds. The fomned articles are then 
removed from the molds by vacuum suction cups 242 as described above and are placed on conveyer 246. No sub- 
sequent conditioning of the formed articles of the invention is required before being suitable for use. 

25 

C, Coatings and Coating Apparatus , 

[0322] It is within the scope of the present invention to apply coatings or coating materials to the inventive artkHes, 
which is often preferable due to the porous nature of the articles. Coatings can be used to alter the surface character- 

30 tstlcs of the artteles in a number of ways, including sealing and protecting the articles, providing a more finished surface 
to the artksles, and providing additional strength. The use of coatings can provide protection against moisture, base, 
acid, grease, and organic solvents. Furthermore, coatings can help prevent aggregate and fiber "fly away". Coatings 
may also provide reflective, electrically conductive, or insulative properties, and can fill in voids on the surfaces of the 
articles. Coatings provide a smoother, glossier, or scuff-resistant surface, and may even reinforce the article, particularly 

35 at a bend, fold, edge or comer. Some of the coatings can also be utilized as laminating materials or as adhesives. 
[0323] The object of the coating process is usually to achieve a unifomn film with minimal defects on the surface of 
the arttele. Selection of a particular coating process depends on a number of substrate (/.e., article) variables, as welt 
as coating formulation variables.Thesubstrate variables include the strength, wettability, porosity, density, smoothness, 
and unifonmity of the arttele. The coating fomrtulation variables include total solids content, solvent base, surface tension, 

40 and rheology. 

[0324] The coating can be applied either after the article is fomied or during the fomriing process. If the coating is 
applied after the article is formed, various conventional processes such as spraying, dipping, sputtering, and painting 
can be used. The coating may be applied to the article after formation by using any coating means known in the art of 
manufacturing paper, paperboard plastte, polystyrene, sheet metal, or other packaging materials, including blade, pud- 
45 die, air-knife, printing, Dahlgren, gravure, and powder coating. Coatings may be applied by spraying the artk^le with 
any of the coating materials listed below or by dipping the article into a vat containing an appropriate coating material. 
The apparatus used for coating will depend on the shape of the artfele. For example, cups will usually be coated 
differently than flat plates. 

[0325] Preferred coating methods include both external and integral coating methods that can be used on the artteles 
so formed from the compositions of the present Invention. In the external coating method, two different systems can be 
used. The first is a sprinkle system in which finely powdered wax is dispensed or sprinkled onto the surface of a newly 
fornied product sitting In an open mold, which causes the wax to melt over the surface of the product. The mold tem- 
perature is about 200*'C and the temperature on the exposed surface of the product In the open moid is about 1 0OX. 
Since the melting point of wax is about 50**C, the wax is easily melted on the surface of the product when sprinkled 
55 thereon. 

[0326] The second system for external coating that may be used is a spray system in which wax is first melted and 
then sprayed at a temperature higher than the wax melting point'so that molten wax is dispersed on the surface of a 
formed artkde. The spray system can be used to apply wax to the inside surfaces of a product in a mold or can be used 
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to spray one or both sides of a product that has been demolded and pieced on a conveyer. The spray system can be 
used to apply water based or hot melt coatings such that small droplets of the coating are applied to a product surface 
and coalescence of the coating particles takes place. 

[0327] Appropriate organic coatings, which may be used singly or in a variety of mixtures, include shellac; drying 

5 oils: reconstituted oils from triglycerides or fatty acids from drying oils to fonn esters with various glycols (butylene 
glycol, ethylene glycol), sortjitol, and trimethylol ethane or propane; synthetic drying oils including polybutadiene resin; 
natural fossil resins including copal (tropical tree resins, fossil and modem), damar, elemi, and sandarac (a brittle, 
faintly aromatic translucent resin derived from the sandarac pine of Africa); rosins and rosin derivatives including rosin 
(gum rosin, tall oil rosin, and wood rosin), rosin esters formed by reaction with specific glycols or alcohols; rosin salts 

10 (calcium reslnate and zinc reslnate); polyester resins; epoxy resins, catalysts, and adjuncts; coumarone-lndene resin; 
petroleum hydrocart)on resin (cyclopentadiene type); terpene resins; vinyl resinous substances such as polyvinyl chlo- 
ride, polyvinyl acetate, polyvinyl alcohol; cellulosic materials (such as carboxymethylcellulose, cellulose acetate, ethyl- 
hydroxyethylcellulose); polyethylene and its copolymers and waxes; acrylics and their copolymers; methyl methacr- 
ylate; ethyl methacrylate; waxes (paraffin type I, paraffin type II, microcrystalline, polyethylene, sperm oil, bees, and 

15 spermaceti); melamine; polyamides; polylactic acid; Biopol® (a polyhydroxybutyrate-hydroxyvalerate copolymer); soy- 
bean protein; other synthetic polymers including biodegradable polymers; and elastomers and mixtures thereof. Bi- 
opoKB> is manufactured by I CI in the United Kingdom. Waxes and wax blends, particularty petroleum and synthetic 
waxes, provide a banier to moisture, oxygen, and some organic liquids, such as grease or oils. Waxes also allow an 
article such as a container to be heat sealed. Petroleum waxes are a pariiculariy useful group of waxes in food and 

20 beverage packaging, including paraffin waxes and mterocrystalline waxes. 

[0328] In some cases, it may be preferable for the coating to be elastomeric or defomriable. Some coatings may also 
be used to strengthen places where the artkdes are severely bent. In such cases, a pliable, elastomeric coating may 
be preferred. A waterproof coating is desirable for artteies Intended to be in contact with water. If the articles are intended 
to come into contact with foodstuffs, the coating material will preferably comprise an FDA-approved coating. Polymeric 

2S coatings such as polyethylene are useful in fonming generally thin layers having low density. Low density polyethylene 
is especially useful in creating containers which are liquid-tight and even pressure-tight to a certain extent. Polymeric 
coatings can also be utilized as an adhesive when heat sealed. 

[0329] Appropriate inorganic coatings include sodium silicate, calcium carbonate, aluminum oxide, silicon oxide, 
kaolin, clay, ceramte. and mixtures thereof. The inorganic coatings may also be mixed with one or more of the organic 

30 coatings set forth above. Aluminum oxide and silicon oxide are useful coatings, partknilarty as a barrier to oxygen and 
moisture. These coatings can be appliedto the article by any means known in the art, including the use of a high energy 
electron beam evaporation process, chemical plasma deposition and sputtering. Another method of forming an alumi- 
num oxide or silicon oxide coating involves treating the article with an aqueous solution having an appropriate pH level 
to cause the fomiation of aluminum oxide or silicon oxide on the article due to the composition of the article. 

35 [0330] If there Is moisture contact with an uncoated product, such as contact from food or beverages, the material 
of the product will be softened. While solvent based coatings can be used, it is preferable to use water based coatings. 
Preferred coatings that can be used include acrylic based coatings such as various acrylic emulsions, vinyl based 
coatings including waxes such as paraffin wax, polyvinyl alcohol, polylactic acid, and shellac. When water based coat- 
ings are used, the water is removed to coalesce the coating partk:les on the surface of a fomned product. 

<o [0331] When water is added with the coating or a water-based coating is used, an additional conditioning component 
is added to the lovmed product. The structural matrix of the product will absorb the water from the coating into the 
matrix to provide additional moisture thereto. The coating can also be flash dried on the surface and at the same time 
leave the moisture on the inside of the product for conditioning of the matrix. 

[0332] When using an integral coating method, a material is added to the mixture before it is molded that has ap- 
45 proximately the same melting temperature as the peak temperature of the moldable mixture. The individual particles 
of the integral coating material will tend to migrate to the surface of the artk^le during the heated molding process by 
the outward flow of the vaporizing water. Upon reaching the surface of the molded arttele, the coating parttoles are 
exposed to elevated temperatures whtoh cause the particles to melt and coalesce together to form a coating over the 
surface of the product. The coating partfcles then congeal or solidify at or near the surface of the arttele upon demolding 
so and cooling of the article. Such integral coating materials may include any material having a melting point that Is gen- 
erally above the boiling point of super heated water within the molded artfcle and at or below the maximum temperature 
of the surface of the article while it is being molded. Integral coating agents may include, for example, selected waxes, 
stearates, shellac, polylactic acid, latex or any other plastic or polymeric material having the stated melting criteria. 
[0333] In another sealing method, nonmigrating materials such as latexes, potyvlnyi akx>hol, or other plastics are 
S5 used as internal sealants to create a general water resistance throughout the foamed cellular matrix. Ttiese sealing 
material are dissolved in water and built into the moldable mixture so that when a product is formed, the sealing 
material is dispersed throughout the fomied structural matrix When using polyvinyl ateohol (PVA), which is made from 
polyvinyl acetate, a PVA with a higher hydrolysis is easier to dissolve in water. For example, a 2% solution of PVA has 
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a dissolution time of 15 minutes, a high motecutar weight, and a high hydrotyse rate. The dissolving of PVA into solution 
is also a function of temperature. 

D. Printing. 

5 

[0334] It may be desirable to apply print or other indicia, such as trademarks, product infomriation, container speci- 
fications, or logos, on the surface of the article. This can be accomplished using any conventional printing means or 
processes known in the art of printing paper or cardboard products, including planographk:, relief, Intaglio, porous, and 
impactless printing. Conventional printers indude offset, Van Dam, laser, direct transfer contact, and thennographte 

10 printers. However, essentially any manual or mechanical means can be used. 

[0335] The type of printing and printer used depends in part on the shape of the artfele. For example, flat plates will 
require a different printing apparatus than a cup. In addition, the molds can be specially designed to provide embossing 
on the surface of the article. The article can also be provided with a watemnark. Because the articles have a relatively 
high porosity, the applied ink will tend to dry rapidly. One skilled In the art wilt appreciate that the arttele porosity and 

'5 ink quantities must be compatible. In addition, decals. labels or other indteia can be attached or adhered to the artule 
using methods known In the art. 

E. Physical Properties of the Articles. 

20 [0336] In view of the foregoing, it is possible, by using a microstructural engineering approach, to obtain a wide 
variety of artkHes of varying shapes, strengths, flexibilities, stiffness, insulation, and other physteal properties. In gen- 
eral, the flexural strength of the final molded articles wilt preferably be in a range of about 0.5 MPa to about 30 MPa, 
more preferably from about 1 MPa to about 15 MPa, and most preferably from about 2 MPa to about 10 MPa. The 
tensile strength of the final molded articles will preferably be in a range of about 0.5 MPa to about 20 MPa, more 

25 preferably from about 0.75 MPa to about 1 0 MPa, and most preferably from about 1 MPa to about 5 MPa. The tensile 
and flexural fracture energy, defined as the area under a stress/strain curve, of the final molded articles will preferably 
be in a range from about 100 J/m2 to about 10,000 J/m2, more preferably from about 300 J/m^ to about 5000 J/m2, 
and most preferably from about 600 J/m^ about 1000 J/m^ 

[0337] Because of the combination of high strength and tow density made possible by the compositions and methods 

30 of the present invention, the specific strength or fracture energy of the articles, or strength or fracture energy values 
that have been nonnalize with respect to the density of the articles, will be significantly higher than what was possible 
according to the prior art. For example, the specific flexural strength will preferably be In a range of about 0.5 MPa/(g/ 
cm3) to about 60 MPa/(g/cm3), more preferably from about 1 MPa/(g/cm3) to about 40 MPa/(g/cm3). and most preferably 
from about 2 MPa/(g/cm3) to about 20 M Pa/(9/cm3). The specific tensile strength will preferably be in a range of about 

35 0.6 MPa/(g/cm3) to about 30 MPa/(g/cm3), more preferably from about 0.75 MPa/(g/cm3) to about 20 MPa/(g/cm3), 
and most preferably from about 1 MPa/(g/cm3) to about 12 MPa/(g/cm3). The specific fracture energy will preferably 
be in a range of about 1000 (J/m2)/(g/cm3) to about 10.000 (J/m2)/(g/cm3), more preferably from about 2000 (J/m^)/ 
(g/cm^) to about 7500 (J/m2)/(g/cm3), and most preferably from about 3000 {J/rr^)/(g/cm^) to about 5000 (J/m2)/(g/cm3). 
[0338] Because of the reduced amount of starch that is required In order to impart the required strength and toughness 

40 properties to the molded artk:le. it is useful to normalize the mechanical properties of the inventive articles with respect 
to the weight fraction of the starch-based binder within a particular article. As a resu It, the articles of the present invention 
will preferably have a normalized flexural strength with respect to the weight fraction of starch-based binder of about 
5 MPa/(wt. fraction of starch-based binder) to about 100 MPa/(wt. fraction of stanch-based binder), more preferably 
from about 10 MPa/(wt. fraction of starch-based binder) to about 75 MPa/{wL fraction of starch-based binder), and 

45 most preferably from about 20 M Pa/(wt. fraction of starch-based binder) to about 60 MPa/(wt fraction of starch-based 
binder). The articles will preferably have a nomialized tensile strength with respect to the weight fraction of starch- 
based binder of about 3 MPa/(wt. fraction of starch-based binder) to about 50 MPa/(wt. fraction of starch-based binder), 
more preferably from about 4 MPa/(wt. fraction of starch-based binder) to about 30 MPa/(wt. fraction of starch-based 
binder), and most preferably from about 5 MPa/(wt. fraction of starch-based binder) to about 20 MPa/(wt. fraction of 

50 starch-based binder). The articles will preferably have a normalized fracture energy with respect to weight fraction of 
starch-based binder of about 2000 (J/m2)/(wt fraction of starch-based binder) to about 30,000 (J/m2)/(wt. fraction of 
starch-based binder), more preferably from about 3000 (J/m2)/(wt. fraction of stanch-based binder) to about 15,000 (J/ 
nO/(wt. fraction of starch-based binder), and most preferably from about 5000 (J/m^(wt. fraction of starch-based 
binder) to about 1 0,000 (J/m2)/(wt. fraction of starch-based binder). 

55 [0339] ' The range of strain of the artkHes (/.a, the amount of strain before rupture) wilt preferably be in a range from 
about 1 % to about 1 5%. more preferably from about 1 % to about 1 0%, and most preferably from about 1 % to about 5%. 
[0340] Finally, the articles of the present invention have a generally low density, which reduces the overall weight 
per article as well as the mass of material that must be used initially to produce the articles and then discarded or 
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recycled when the article has completed the duration of its intended use. in general, the articies of the present invention 
will preferably have a density in a range from about 0.05 g/cm^ to about 1 g/cm^, more preferably from atx>ut 0.1 g/ 
cm^ to about 0.5 g/cm^, and most preferably from about 0.1 5 g/cm? to about 0.25 g/cm^. 

[0341] The articles can be characterized as having a laminate-type structure; there is an outer skin layer having a 
relatively high density and an interiorfoam portion having a lower density. The outer skin layer is created Instantaneously 
when the moldable mixture is contacted with the mold. The pores formed in the interiorfoam portion can have a diameter 
of about 0.25 mm or greater. The interior foam portion hardens when the moisture is removed during the molding 
process. By increasing the water content, the density of the final product will be lowered, but a longer heated molding 
time is required since more water must be driven off. 

Vl EXAMPLES OF THE PREFERRED EMBODIMENTS. 

[0342] Outlined below are a number of examples showing the manufacture of articles from the inorganically filled. 
starch4)ound, moldable mixtures of the present invention. The examples compare the properties of the artteles for 
varying compositions and processing conditions. In the first group of exannples, articles were formed with inorganic 
fillers but without fibers, which articles required conditioning to obtain adequate flexibility. After the first group of ex- 
amples follow later examples in whteh fibers were included by first dispersing them by means of a high viscosity, high 
yield stress mixture The elimination of the conditioning step as well as the dramatk: improvement in toughness and 
flexibility of the articles by including the well-dispersed fibers clearly demonstrate the advantage of including fibers. 

Examples 1-13 

[0343] Drinking cups were formed from moldable mixtures containing different types of inorganic aggregates to de- 
tennine the effects of the different aggregates. Each of the moldable mixtures had the following basic mix design 
measured by weight: 



39.8% 


Stalok 400 (modified potato starch) 


9.95% 


inorganic aggregate 


49.75% 


water 


0.5% 


magnesium stearate 



[0344] Each moldable mixture was prepared in a small Hobart mixer. First, the dry Ingredients (including the inorganic 
aggregate, starch, and magnesium stearate) were completely mixed. Then the water was added slowly while the dry 

materials were being mixed until a homogeneous mixture was obtained. The mixtures were extracted from the Hobart 
mixing bowl using a syringe. The weight of the moldable material used to manufacture a cup for each mixture was 
determined by first weighing the syringe containing the moldable mixture, expelling the contents of the syringe into the 
molding apparatus, and then weighing the syringe. 

[0345] The molding system included a male mold made out of tooled brass and a female mold made out of tooled 
steel, the molds being configured substantially according to Figure 8. The molds were designed to produce 12 oz. 
drinking cups having a smooth surface and a thickness of about 4 mm. The male mold contained four vent grooves 
that fonned four vent holes. 

[0346] The cups of Examples 1-13 were obtained by heating each selected moldable mixture between the molds at 
a temperature of about 200'*C. Once the articles became significantly form-stable, they were removed from the molds 
and placed in an oven for about 1 .5 hours at a temperature of 1 05''C to remove the remaining moisture. The moisture 
was removed so that subsequent testing of the cups would better reflect the effects of the components as opposed to 
the effects of the starch-based binder moisture content. It was assumed that the weight loss of the cup during drying 
in the oven was a loss of water. The measured weight loss was thus used to detenmine the moisture of cups upon 
being removed from the mokH. The cups were then sealed In plastk: bags to maintain a constant humidity until the cups 
could be tested. 

[0347] Summarized below is a list of the selected inorgante aggregates and the resulting properties of the cups 
formed from each of the mix designs: 



Example 


Inorganic 


Cup Density (g/ 


Moisture Out of 


Thenmal Conduct 


Thermal Resist. 




Aggregate 


cc) 


Mold 


(W/mK) 


(ft2.h.°F/ 








(%W/W) 




BTUin) 


1. 


Gamma Sparse 


0.190 


3.0 


0.046 


3.15 
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(continued) 



10 



15 



20 



Example 


Inorganic 
Aggregate 


Cup Density (g/ 
cc) 


Moisture Out of 
Mold 
(%W/W) 


Thermal Conduct. 
(W/m-K) 


Thermal Resist. 
(ft2.h.*F/ 
BTUin) 


2. 


Carbital 50 


0.185 


2.5 


0.044 


3.25 


3. 


R040 


0.215 


2.7 


0.045 


3.20 


4. 


Mica 4I< 


0.205 


2.6 


0.048 


3.10 


5. 


Glass Bubbles 
838/4000 


0.190 


4.9 


0,047 


3.15 


6. 


Polymfca 400 


0.195 


2.0 


0.049 


2.90 


7. 


A^rnQil RQ79 




A O 


0.040 


3.68 


8 


Aerosil 130 


0.135 


4.0 


0.054 


2.70 


9. 


Aerostl 200 


0.145 


4.1 


0.046 


3.15 


10. 


Aerosil 380 


0.155 


4.3 


0.048 


3.10 


11 


Cabosil EH5 


0.140 


2.8 


0.041 


3.60 


12, 


VVollastonite 


0.195 


2.1 


N/A 


N/A 


13. 


Sil-co-sil 
Silica Sand 


0.200 


2.1 


N/A 


N/A 



30 



35 



45 



50 



Example 


Inorganic Aggregate 


Energy to Failure (mJ) 


Displacement to Failure 
(%) 


Peak Load 
(N) 


Stiffness 
(Wm) 


1 


Gamma Sperse 


6.0 


3.1 


5.00 


2.5 


2 


Carbital 50 


9.0 


3.5 


5.10 


2.7 


3 


R040 


7.0 


3.1 


5.05 


2.6 


4 


Mica 4k 


N/A 


N/A 


N/A 


N/A 


5 


Glass Bubbles 
B38/4000 


9.5 


3.2 


5.20 


3.4 


6 


Polymica 400 


10.0 


2.7 


5.15 


2.4 


7 


Aerosil R972 


70 


4.0 


4.95 


1.9 


8 


Aerosil 1 30 


7.0 


3.5 


4.90 


1.8 


« 


Aerosil 200 


9.0 


3.5 


5.00 


2.1 


10 


Aerosil 380 


6.0 


3.1 


4.95 


2.2 


11 


Cabosil EH5 


7.0 


3.4 


4.95 


2.0 


12 


VVollastonite 


8.5 


3.1 


5.10 


2.9 


13 


Sil-co-sil 
Silica Sand 


8.0 


2.8 


5.05 


3.0 



[0348] The properties analyzed include thennal properties and mechanical properties. The themial properties include 
thermal conductance and thermal resistivity which were determined by a transient hot-wire method; Three measure- 
ments were recorded for the thermal conductivity of the side walls of the cups and the average value was reported. 
53 Mechanteaf properties were defined by developing a test that would simulate the pinching between the thumb and the 
other four fingers that a cup might experience during use. The results served as a means to compare cups produced 
from different compositions and under different conditions. The strength and ductility were not easily quantifiable due 
to the complex geometry. Instead the data is reported without normalization to the cross-sectional area. 
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[0349] The cups were positioned on an inclined platform. The inclination was adjusted so that the side edge of the 
cup was normal to the loading direction. The area below the top rim of the cup was chosen as the point of toad appli- 
cation. This resulted In the most reproducible results. Loads were applied to the cups at the rate of 15 nrtm/min. until 
a clear failure was observed. The displacements and the corresponding loads were recorded, thereby providing a 
s comparative evaluation of the mechanical properties for articles made from the different mix designs . Using the defined 
testing method, a comparison was made on the basis of peak load, maximum displacement before failure, energy 
absorbed during fracture, and stiffness. The energy of failure is the area under the load displacement curve measured 
from the origin to the point of complete fracture Each of the above properties are based on a statistical average of 
seven identical tests 

10 [0350] The tests showed that the fumed silica aggregates (Aerosil R972. 130» 200, 380 and Cabosfl EH5) resulted 
in a density of about 30% lower compared to those where a different inorganic aggregate was added. The other Inor- 
ganic aggregates had a limited effect on the density of the cups, with the exception of Polymica which also decreased 
the density by about 30% relative to cups using the other inorganic aggregates. The dry peak load and stiffness of the 
cups containing fumed silica were affected to the same extent as the density; approximately 30% of each was lost 

IS compared to cups produced with out fumed silica. The dry displacement-to-failure and energy-to-failure measurements 
exhibited little or no change due to the addition of Inorganic materials. 

[0351] The addition of glass bubbles, Wollastonite, Polymica 400, and silica sand, did not affect the energy-to-fallure, 
displacement-to-failure, peak load, and stiffness to any significant degree Mica 4k demonstrated a 30% increase In 
peak load. The value for themial properties were found to be within a band width of about ±10% of the value for cups 

^ produced with no inorganic aggregate. The values were Independent of the type of inorganic aggregate used. - 

[0352] Based on the above tests, filmed silica aggregates appear to be less prefen-ed since they adversely affect 
the mechanical properties of the articles. In contrast, the other inorganic aggregates can be used to replace at least 
20% by weight of the starch-based binder without significantly affecting the mechanfcal properties of the artteles. It is 
believed that fumed silicas produce a detrimental effect as a result of their low strength and high specific surface area 

25 in comparison to the other Inorganic aggregates. 

Examples 14-18 

[0353] Cups were made using collamyl starch with different concentrations of calcium carbonate to detennlne the 
30 effect of using collamyl starch. The same procedures and apparatus set forth in Examples 1-13 were used to make 
and test the cups of Examples 14-18. A base mixture was first prepared by combining the foltowing components by 

weight: 



35 



collamyl starch 


49.75% 


water 


49.75% 


magnesium stearate 


0.5% 



[0354] RO40 calcium carbonate was added to the mixture in amounts of 20%, 40%, 50%, and 60% by total weight 
of the calcium carbonate and starch-based binder, while maintaining a total starch and calcium carbonate concentration 
of 49.75% by weight of the mixture. Summarized betow are the properties of the articles made using different percent- 
ages of calcium caibonate. 



45 


Example 


Calcium 
Carbonate 
Aggregate 
(weight %) 


Density 

(g/cc) 


Thermal 
Conduct. 
(W/m-K) 


Energy to Fail. 
(mJ) 


Displacement 
to Failure 
(%) 


Peak toad 
(N) 


Stiffness 
(NAn) 




14. 


0 


0.17 


0.043 


6 


3.5 


4.5 


1.9 


50 


15. 


20 


0.17 


0.043 


7 


4.3 


4.5 


1.7 




16. 


40 


0.24 


0.046 


7 


3.5 


5.2 


2.2 




17. 


50 


0.27 


0.045 


7 


3.2 


5.8 


2.5 




18. 


60 


0.32 


0.053 


7 


2.6 


6.5 


3.5 



55 



[0355] The increase in density was negligible for the first 20% of R040 calcium carbonate that was added. For higher 
concentrations, the increase was significant, being about 2% for each weight percent of added R040. Increases in the 
thermal conductivity followed a similar pattern as for the density. The increase in themial conducth^ity for concentrations 
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of R040 exceeding 20% was about 0.5% per percent of added RO40. The fracture energy and displacement-to-failure 
for the cups was largely unaffected by the addition of RO40. The peak load increased linearly at the rate of about 1% 
per percent of added RO40. The stiffness curve was similar to the density curve; a relatively flat region up to 20% 
R040 and a linear increase for higher concentrations. The rate of increase in stiffness was approximately 1% for each 
5 percent of added R040 in mixtures exceeding 20% R040. 

[0356] Based on the above observations, collamyl starch can be used to make the artteles of the present invention. 
Furthermore, relatively high concentrations of catoium carbonate can be added to mixtures containing collamyl starch 
without significantly reducing the desired mechancal properties. 

10 Examples 19-26 

[0357] Cups were made using different types of admixtures to determine their effects, if any. on the properties of the 
mixtures. The same procedures and apparatus set forth in Examples 1-13 were used to make and test the cups of the 
present examples. A base mixture was first prepared by combining the following components by weight: 

15 





39.8% 


Stalok 400 (modified potato starch) 




9.95% 


R040 catdum carbonate 




49.5% 


water 


20 


0.5% 


magnesium stearate. 



[0358] Admixtures, including Methocel© 240, Tylose® 15002 and polyvinyl alcohol (PVA), were then combined to 
the mixture by weight percentage of the total solids in the mixture. Summarized bek)w is a list of the moldable mixtures 
and the properties resulting from their use. 



Example 


Admixtures 
(weight %) 


Density 
(g/cc) 


Thermal 
Conduct. 
(W/m-K) 


Energy to Fail. 
(mJ) 


Displacement 
to Failure 
(%) 


Peak toad 
(N) 


Stiffness 
{Wm) 


19. 


None 


0.26 


0.045 


4 


2.2 


4.5 


2.8 




PVA 


20. 


1.9 


0.26 


0.046 


6 


3.1 


5.5 


2.7 


21. 


2.9 


0.27 


0.048 


5 


2.6 


5.5 


3.3 


22. 


3.4 


0.26 


0.044 


4 


2.8 


5.0 


2.8 




Methocel® 240 


23. 


0.5 


0.19 


0.045 


6 


3.4 


5,5 


2.3 


24. 


1.0 


0.18 


0.052 


8 


6.0 


4.5 


09 




Tylose® 15002 


25. 


0.5 


0.23 


0.044 


7 


4.1 


5.0 


1.8 


26. 


1.0 


0.19 


0.049 


3 


3.1 


3.5 


1.7 



45 

[0359] The addition of PVA was shown to have little effect on the densities, themial conductivities, or mechanical 
properties of the cups made therefrom. Methocel® 240 and Tylose® 15002 affected the density slightly. The density 
decreased Just over 20% per each addition of 1% of either admixture. The themrial conductivity Increased about 1 0% 
for the same additions. Methocei® 240 had a positive effect on the energy and displacen^nt-to-failure measurements 

50 for dry cups. The energy-to-failure values doubled for each 1% addition, whereas the displacement-to-failure values 
showed an improvement of 2.5 times. The peak load dropped about 20% for each 1 % addition of Methocel® 240, while 
the stiffness feO more than 70%. A 0.5% addition of Tylose® 15002 increased the energy-to-failure by 60%, the dis- 
placement-to-failure by 80% and the peak load by 10%. These increases disappeared with a further (0.5%) addition 
of Tylose® 15002. The stiffness of dry cups was hajved by additions of 1% of either Methocel® or Tylose®. 

55 [0360] Generally, PVA was found to have a minimal inpact on the properties of the fonmed cups. Methocel® 240 
and Tylose® 15002 were found to either maintain or improve the properties of the cups at lower concentrations. The 
benefits, however, were tost as the concentration of each was lncreased. 



46 



EP 0 804 331 B1 

Examples 27-31 

[0361] Cups were made using different amounts of the cross-linking admixture Sunrez 747 to detemiine its effect 
on the moldable mixture. The same procedures and apparatus set forth in Exanrtples 1-13 were used to make and test 
the cups of the following examples. A base mixture was first prepared by combining the following components by weight 



10 



28.15% 


Stalok 400 (modified potato starch) 


19.9% 


RO40 calcium caitonate 


1.7% 


PVA . 


49.75% 


water 


0.5% 


magnesium stearate. 



[0362] The base mixture was then varied by incrementally increasing the concentration of Sunrez 747 by weight of 
IS total solids in the mixture over a range from 2% to 20%. Summarized below are the percentages of Sunrez 747 and 
the corresponding properties of the resulting cups. 



Example 


Sunrez 747 
(weight%) 


Density 
(9/cc) 


Themial 
Conduct. 
(W/m-K) 


Energy to Fail 
(mJ) 


Displacement 
to Failure 
(%) 


Peak load 
(N) 


Stiffness 
(N/m) 


27. 


0 


0.26 


0.044 


4 


2.8 


4.8 


2.5 


28. 


2 


0.25 


0.048 


5 


28 


5.0 


2.6 


29. 


5 


0.24 


0.048 


4 


2.8 


4.8 


2.5 


30. 


10 


0.23 


0.048 


7 


4.4 


4.2 


1.5 


31. 


20 


0.24 


0.046 


4 


3.4 


4.0 


1.8 



[0363] The tests showed that Sunrez 747 had limited effect on the cup density. Initially, the density decreased about 
^ 2% for each percent of added Sunrez 747. This relationship persisted up to about 10% of the admixture, after which 
the cup density increased slightly. The thermal conductivity showed an initial increase of approximately 4% for the first 
2% of added Sunrez 747, but then leveled out. The mechanical properties of the cups also peaked early with the 
addition of Sunrez 747. The energy and displacement-to-failure of cups showed only minor increases up to 10% and 
then fall off slightly again. The peak load was fairly level with an apex at 2%. The stiffness curve approximates a step 
^ function. There was a plateau where there was no effect of Sunrez 747 addition up to 5%. There was a dramatk: 
decrease in stiffness, roughly 50%, between 5 and 10%; thereafter the stiffness was not affected. In general, moderate 
improvements in the various properties were found where lower concentrations of Sunrez 747 were added. 

Examples 32-39 
40 

[0364] Five mix designs were evaluated using varying concentrations of calcium cartDonate (RO40) and different 
types of starch in order to determine the minimum processing time and filling weight at four processing temperatures 
(1 60°C, 1 eO'^C, 200X, and 220''C). As used in the examples, specification, and appended claims, thetenm "processing 
time" refers to the time necessary to heat the mixture Into a form-stable article. The composition of the five mixtures 
were as follows: 
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Stalok 400(g) 


Hylon VII 
(9) 


RO40 
(9) 


Mg Stearate 
(9) 


Water 
(9) 


Mixture 1 


500 


0 


0 


5 


500 


Mixture 2 


350 


50 


100 


5 


450 


Mixture 3 


300 


50 


150 


5 


440 


Mixture 4 


250 


50 


200 


5 


425 


Mixture 5 


200 


50 


250 


5 


410 



[0365] Hylon VII is a type of modified corn starch that was substituted for part of the Stalok 400. The moldable 
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mixtures were prepared using the procedures set forth in Examples 1-13. Once the mixtures were prepared, a Haas 
LB-STA machine was used to make 1 6 oz. cups having thicknesses of about 4 mm and waffled exteriors. The resulting 
filling weights and processing times at the selected temperatures are summarized as follows: 



5 



10 



IS 



20 





Processing Time (sec) 


Example 


Temp. 
(-C) 


Mixture 1 


Mixture 2 


Mixture 3 


Mixture 4 


Mixtures 


32. 


220 


40 


40 


40 


40 


40 


33. 


200 


50 


50 


50 


45 


45 


34. 


180 


75 


75 


75 


75 


75 


35 


160 


170 


170 


170 


165 


160 






Riling Weight (g) 


Example 


Temp. 

rc) 


Mixture 1 


Mixture 2 


Mixture 3 


Mixture 4 


Mixture 5 


36. 


220 


30.5 


32.2 


34.4 


37.9 


41.6 


37. 


200 


33 


31.5 


35.6 


39.3 


43.9 


38. 


180 


31.4 


33.5 


35.5 


37.6 


44.1 


39. 


160 


31.7 


33.7 


34.1 


39.7 


43.9 



[0366] As expected, the tests revealed that the processing times decreased as the processing temperatures in- 
creased. The decrease in processing time was greatest for increases in processing temperatures where less catoium 
carbonate was included. However, the processing time at the lower molding temperature decreased as the amount of 
30 calcium carbonate was increased. The tests also revealed that the minimum filling weight Increased with higher con- 
centrations of calcium cartsonate, although the filling weight was Independent of the mold temperature. 

Examples 40-44 

35 [0367] Using the same process as in Examples 1 >1 3, 1 2 oz. cups were made using dies at a temperature of 200^0. 
The mixture for manufacturing the cup consisted of the following components by weight: 



40 



24.95% 


Stalok 400 (modified potato starch) 


19.9% 


R040 calcium carbonate 


4.9% 


Hylon VII (modified com starch) 


49.75% 


water 


0.5% 


magnesium stearate 



45 [0368] The dried cups were placed in a high humidity chamber having a relative humidity of ai^out 95% and a tem- 
perature of about 45*'C. The cups were removed after varying levels of moisture had been absorbed by the starch- 
bound structural matrix of the cups and tested to determine their mechantoal properties. The respective moisture con- 
tents and corresponding mechanical properties are outlined below: 
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Examples 


Moisture Content 


Peak Load 
(N) 


Dtsplace-ment to Failure 
(%) 


Energy 
(mJ) 


40. 


0 


5.5 


2.9 


5 


41. 


2 


8.5 


3.7 


12 


42. 


5.5 


10,5 


11.8 


45 


43. 


7.5 


9.0 


23.5 


65 
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(continued) 



Exaniples 


Moisture Content 


Peak Load 
(N) 


Displace-ment to Failure 
(%) 


Energy 
(mJ) 


44. 


9.5 




24.3 


40 



[0369] The test results reveal a roughly linear correlation t>etween the moisture content and the mechanical properties 
for low moisture contents. As the moisture content increased, the mechanical properties improved until the moisture 
10 content reached 7.5%, after which they deteriorated slightly. 

Examples 45-47 

[0370] Using the same processing parameters set forth in Examples 1-13, 12 oz. cups were made from moldable 
15 mixtures having varying percentages of calcium carbonate and relatively constant viscosities to detemiine the effect 
of calcium carbonate on the required water content and time for removing the water. Summarized below are the conv 
posltions tested and the required times to produce a form-stable article having a finished surface 
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Example 


Calcium Cartsonate 

(g) 


Starch-based binder 
(9) 


Magnesium Stearate 

(g) 


Water (g) 


Process Time 
(sec) 


45 


250 


250 


10 


425 


50-55 


46. 


350 


150 


10 


350 


35-40 


47. 


400 


100 


10 


285 


30 



[0371] The results show that with increased concentrations of calcium carisonate, less water is needed to obtain a 
mixture having a constant viscosity. Furthennore, as a result of having less water, the required processing time to 
produce a fonn-stable article was decreased. 



Examples 48-54 

[0372] Articles were made using different types of calcium carbonate to determine the effect of the particle size and 
packing density of the inorganic aggregate. Mixtures were made from three different types of calcium cafbonate: Car- 
bital 75, RO40, and Marblend. The basic chemical composition for each type of calcium carbonate was the same; 
however, the particle size distribution, average particle size, and natural packing density (or uncompressed packing 
density), as shown below, varied greatty. 



Type of Calcium 
Carbonate 


Average Particle Size 
(Jim) 


Natural Packing Density 


Cart)ital 75 


2.395 


0.3593 


RO40 


40.545 


0.6869 


Marblend 


68.468 


0.7368 



[0373] The gradation for each type of calcium caitonate was as foltows: 



so 
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Gradation of Carbltal 75 


Sieve Opening dim) 


Retained % 


Passing % 


18.000 


0.00 


100.00 


5.470 


10.00 


90.00 


3.043 


25.00 


75.00 


1.583 


50.00 


50.00 


0.862 


75.00 


25 00 



49 



EP 0 804 331 B1 



(continued) 



25 



Gradation of Carbital 75 


Sieve Opening (jim) 


Retained % 


Passing % 


0.490 


90.00 


10.00 




Gradation of RO40 


Sieve Opening 


Retained % 


Passing % 


275.000 


0.00 


100.00 


134.700 


10,00 


90.00 


82.150 


25.00 


75.00 


41.308 


50.00 


50.00 


14.190 


75.00 


25.00 


2.782 


90.00 


10.00 




1 Gradation of Marfolend 


Sieve Opening (jim) 


Retained % 


Passing % 


1000.00 


0.00 


100.00 


338.100 


10.00 


90.00 


212.200 


25.00 


75.00 


36.190 


50.00 


50.00 


12.160 


76.00 


25.00 


3.761 


90.00 


10.00 



35 [0374] These tables show that, ot the three types of calcium carbonate tested, Carbital 75 had by far the smallest 
average particle size and the smallest particle size distribution, Marblend had the largest, and RO40 was intermediate. 
Each mixture contained one type of calcium carbonate, Stalok 400 potato starch, and water, while no mold releasing 
agent was used. The mixtures were prepared according to the procedures set forth in Examples 1-13 and then placed 
between molds having a temperature of about 200^0. The articles were removed from the molds once they had obtained 

40 form-stability. The molds were nickel-Teflon coated and had complementary shapes defined to produce a platter. The 
formed platters were approximately 25 cm long. 18 cm wide, and 3 mm thick. Outlined below are the components for 
each mixture, the weight of the final platter, and the processing time. 
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Example 


Calcium Cart>onate (g) 


StakSk 400 (g) 


Water (g) 


Platter weight 
(9) 


Processing Time (sec) 


Calcium Carbonate Carbital 75 


48. 


100 


900 


800 


31.6 


40 


49. 


200 


800 


800 


32.5 


40 


50. 


300 


700 


800 


NA 


NA 


Calcium Carbonate RO40 


51. 


700 


300 


800 


30.2 


40 


52. 


800 


200 


800 


NA 


NA 
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(conUnued) 



10 



15 



20 



25 



30 



35 



1 Example 


Calcium Carbonate (g) 


Stalok 400 (g) 


Water (g) 


Platter weight 

(g) 


Processing Time (sec) 


1 Catcium Carbonate Marblend 


53. 


700 


300 


800 


302 


40 


54. 


800 


200 


800 


NA 


NA 



[0375] Examples 48 and 49 produced form-stable articles having negligible cracks or defects, although the plates 
of Example 48 were of somewhat higher quality than those of Example 49. In example 50, where the Carbital 75 was 
increased to 30% by weight of the total solids, crack-free, fomvstable artk:les could not be made, regardless of the 
processing time. Examples 51 and 53 produced form-stable articles having negligible cracks or defects using 70% by 
weight of total solids R040 and Marblend. The best artnles were fomrted in Example 53. Crack-free, form-stable articles 
could not be made in Examples 52 and 54 where the concentration of R040 and Marblend was Increased to 80% by 
weight of the solkJs. 

[0376] The above examples teach that functtonal artteles can be made with higher concentrations of inorganic ag- 
gregate by using an aggregate material which (I) has a larger average diameter (which yields an aggregate material 
having a lower specific surface area), and (2) which has a greater particle size distribution (whfch yields an aggregate 
material having a higher particle packing density). The maximum amount of Carbital 75 that could be used to produce 
functional articles was 20% by weight of the solids. In comparison, functional articles could be made using 70% by 
weight of either RO40 or Marblend. The difference in the concentration of aggregate that could be used is attrbuted 
to the fact that RO40 and Marblend had a natural packing density approximately twfee that of Carbital 75. The difference 
Is further attributed to the fact that RO40 and Marblend had an average parttele size that was approximately twenty to 
thirty times larger than Carbital 75. However, it would be expected that by using an aggregate having a packing density 
higher then that of Marblend, an article could be made having an even higher concentration of inorganic aggregates. 
[0377] It is also noteworthy that the viscosity of the mixtures increased as the concentration of Carbital 75 increased 
and that the viscosity of the mixtures decreased with increased concentrations of RO40 and Marblend. As previously 
discussed, the starch-based binder absorbs the solvent. By replacing a portion of the starch-based binder with an 
inorgank: aggregate, the amount of solvent that would have been at>sorbed by the starch-based binder is free to lubri- 
cate the aggregate partk^les. However, the inorganic aggregate replacing the staich-based binder also produces in- 
terstitial space whk:h must be filled by the solvent. Accordingly, If the amount of solvent freed by the removal of the 
starch-based binder is smaller than the volume of interstitial space created by the addition of the aggregate, then the 
viscosity of the mixture increases. This process is illustrated by the use of Carbital 75. In contrast, if the amount of 
solvent freed by the removal of the starch-based binder is larger than the volume of interstitial space created by the 
addition of more aggregate, then the viscosity of the mixture decreases. This process is illustrated by the RO40 and 
Marblend. 
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Examples 55-59 
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[0378] In the following examples, each of the components was held constant except for the starch-based binder, 
which was gradually substituted with rice flour. Because rice flour Includes a high percentage of starch, along with 
some protein, it would be expected to have a binding effect within the structural matrix. In addition, the inert fraction 
would be expected to act as an inert organic filler. All concentrations are expressed as a percentage by weight of the 
overall mixture. The base mixture included the following: 



50 



R040 Cak:ium Carbonate 


24.8% 


Water 


49.5% 


Mg Stearate 


0.5% 


Stalok 400 


variable 


Rice Ftour 


variable 



55 



[0379] The following table shows the relationship between the varying starch and rice flour contents on the properties 
of cell diameter, wall thickness, and skin thrckness. 
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Example 


Staiok 400 


Rice Flour 


Average Cell 
Diameter 


Wall Thickness 


Skin Thtekness | 


55! 


24.8% 


0% 


670 (im 


2.2 mm 


300 pm 


56. 


19.8% 


5.0% 


450 urn 


2.4 mm 


370 Jim 


57. 


14.9% 


9,9% 


370 ^m 


2.5 mm 


330 pm 


58. 


9.9% 


14.9% 


300 ^m 


2.3 mm 


250 fim 


59. 


5.0% 


19.8% 


300 pm 


2.1 mm 


200 (im 1 



[0380] The compositions of these examples resulted in molded articles in which the average ceil diameter of the 
cells decreased as the percentage of the rice flour was increased and the amount of Statok 400 (potato starch) was 
decreased. Hence, these examples show that the cell size can be regulated through the use of controlled mixtures of 
starch-based binder of different origin. This, In tum, results In articles having significantly different physical and me- 
chanical properties. In this manner, rice flour (or similar grain flours or alternative starch sources) can be used in varying 
amounts in order to carefully control the physical and mechank:al properties of the resulting articles manufactured 
therefrom. 

20 

Examples 60-62 



[0381] Mixtures were prepared that contained the following components and concentrations in order to show the 
effect of water concentration on the density and insulation abiiity of the articles manufactured therefrom. 



30 



Example 


Potato Starch (g) 


Calcium Carbonate 
RO40{g) 


Magnesium Stearate 
(9) 


Water (g) 


60. 


500 


500 


10 


700 


61. 


500 


500 


10 


600 


62. 


500 


500 


10 


900 



[0382] As the amount of water in the mixtures used to manufacture articles was increased the average cell diameter 
increased, the density decreased, and the insulation abiiity increased (/.e., the thermal conductivity decreased). 

35 

Example 63. 



[0383] A study was perfonned to detennine the effect of varying the number of vent holes within the molding apparatus 
used to manufacture cups on the stmcture of the resulting molded cups. The nwldable mixture of Example 1 was 
^ formed Into cups using different molding apparatus in which the number of vent holes was varied so that there were 
2, 4, 6, 8, or 10 vent holes of standard size, respectively. The density of the walls of the resulting cups increased as 
the number of vent holes increased, presumably because of the decrease in pressure that was able to build up, which 
led to a lower expansion of the cells within the structural matrix of the cup walls. Hence, using fewer vent holes results 
in a moMed article having walls that are less dense and which having larger cells within the structural matrix. 

45 

Examples 64-138 

[0384] Various starch-based liioldable mixtures were made and formed Into dam shell containers in order to deter- 
mine the effect of (1) inorganic concentration In the mixtures, (2) water content, (3) processing temperature, and (4) 
^ filling weight, on the strain to failure, flexural strength, and fracture energy of the fomried products. The inorganic content 
of the mixtures was varied in three steps, and included 0, 30, and 50 wt-% of RO40 calcium carbonate supplied by 
Georgia Mari^le. The water content was also varied to achieve three different rheologies such that a "standard funnel* 
was emptied in 20, 40, and 60 seconds. The starch component was Staiok 400 modified potato starch. Each mixture 
also contained 1 wt-% of magnesium stearate as a mold release agent. The mixtures were prepared in a small Hobart 
mixer. The dry ingredients were completely mixed first, and then portions of waterwere added andthe resulting rtieology 
was frequently monitored to achieve the flow times of 20, 40, and 60 seconds. 

[0385] The clam shells were produced in a mold with a fiat bottom. The processing temperatures used in forming 
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the products were 160°C. 180«C, and 200''C. The mold was filled using three different steps: (1) the minimum filling 
weight required to malce a complete product, (2) the minimum filling weight plus 25%, and (3) the minimum rilling weight 
plus 50%. The processing time was adjusted to correspond to the minimum required for each example. 
[0386] Test bars from each of the fomied clam shells of Examples 64-138, having a size of approximately 15 x 100 

5 mm, were cut from the same region of each of the dam shells. Four (est bars were evaluated for each example to 
detemiine the mechanical properties thereof The moisture level in the tested clam shells was the equilibrium moisture 
content at ambient temperature and relative humidity. The equilibrium moisture content was achieved by storing the 
test bars in a controlled environment at 20**C and 50% relative humidity, and monitoring the weight gain of the test 
bars. The moisture level in the starch component was approximately 11 wt-%. The test bars were evaluated using three 

10 point bending at a constant displacennent rate. Both toad and displacement were recorded, and subsequent analysis 
yielded strain to failure, flexural strength, and fracture energy 

[0387] The varying parameters and mechanical properties for each of Examples 64-138, Including inorganic con- 
centration, flow time, processing temperature, and filling weight are summarized below, along with the strain to failure, 
flexural strength, and fracture energy of the formed products. The letters A, B, and C under the filling weight column 
15 indicate the minimum required filling weight, the minimum required filling weight plus 25%. and the minimum required 
filling weight plus 50%, respectively 
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Example 


CaC03 (Wt- 
%) 


Flow Time 
(s) 


Temp. 
(-C) 


Fining 
Wt. 


Strain (%) 


Flexural 
Strength 
(MPa) * 


Fracture 
Energy 




64. 


0 


20 


160 


A 


2 


1.8 


162 




65. 


0 


20 


160 


B 


2 


1.97 


278 


25 


66. 


0 


20 


160 


c 


2.76 


2.6 


363 




67. 


0 


20 


180 


A 


2.81 


2.4 


403 




68. 


0 


20 


180 


B 


1.98 


2.3 


215 




69. 


0 


20 


180 


c 


2.1 


2.1 


154 


30 


70. 


0 


20 


200 


A 


2.3 


2.6 


316 




71. 


0 


20 


200 


B 


2 


2.4 


200 




72. 


0 


20 


200 


C 


1.9 


2.6 


148 


35 


73. 


0 


40 


160 


A 


3.9 


2.4 


426 




74. 


0 


40 


160 


B 


2.35 


2.6 


285 




75. 


0 


40 


160 


C 


2.27 


2.5 


246 




76. 


0 


40 


180 


A 


2 


3.1 


206 


40 


77. 


0 


40 


180 


B 


1.8 


2.34 


179 




78. 


0 


40 


180 


C 


2.1 


2.25 


247 




79. 


0 


40 


200 


A 


1.95 


2.9 


217 


45 


80. 


0 


40 


200 . 


B 


2.2 


2.2 


224 




81. 


0 


40 


200 


C 


2.1 


2.6 


184 




82. 


0 


60 


160 


A 


2.38 


2.3 






83. 


0 


60 


180 


A 


2.18 


2.5 


303 


50 


84. 


0 


60 


180 


B 


2.2 


2.4 


243 




85. 


0 


60 


180 


C 


2.5 


2.45 


265 




86. 


0 


60 


200 


A 


2.54 


2.9 


260 


55 


87. 


0 


60 


200 


B 


1.7 


2.46 


175 




88. 


0 


60 


. 200 


C 


1.9 


2.15 


190 




89. 


30 


20 


160 


A 


1.2 


2.6 


196 
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(continued) 



5 


Example 


CaCOa (Wt- 
%) 


Flow "Time 
(s) 


Temp. 


Riling 
Wt. 


Strain (%) 


Ftexural 
Strength 
(MPs) 


Fracture 
Energy 
(J/m^ 




91/. 




OA 


1 oU 


b 


1 ,6 


2.4 


134 




91 


ou 


OA 


1 CA 




1.96 


2.9 


226 


10 






OA 


4 DA 

1 oO 


A 


2.2 


2.36 


168 




ou 


OA 


4 OA 


B 


1.5 


2.3 


122 




CM 


ou 


OA 


4 OA 


C 


1.75 


2.3 


120 




yo. 


on 


20 


200 


A 


1.5 


2.37 




15 


QR 


QA 


OA 


200 


B 


2.5 


2.4 






QT 

y/. 


OA 

oO 


20 


200 


C 


1.7 


2 








30 


40 


160 


A 


1.62 


2.15 




20 


99. 


30 


40 


160 


C 


1.4 


1.85 




4 A A 
lOU. 


30 


40 


160 


A 


2 


2.63 


182 




101. 


30 


40 


180 


B 


2.1 


2.68 


208 




102, 


30 


40 


180 


C 


1.9 


2.1 


146 




103. 


30 


40 


200 


A 


1.5 


2.7 


121 




104. 


30 


40 


200 


B 


1,5 


2.2 


98 




105. 


30 


40 


200 


C 


2 


2.2 


178 


30 


106. 


30 


60 


160 


A 


1.3 


2.5 


130 




107. 


30 


60 


160 


B 


1.8 


2.3 


146 




108. 


30 


60 


160 


C 


1.4 


2,83 


134 






30 


60 


180 


A 


2.2 


3.7 


258 


35 


1 1 U. 


30 


60 


180 


B 


1.6 


3 


167 




111. 


OA 

oO 


60 


180 


C 


2.2 


3-7 


258 




11^. 


OA 


60 


200 


A 


1.5 


2.8 


136 


40 


110. 


OA 


60 


200 


B 


1.4 


2.48 


102 






on 
oU 


CA 

60 


200 


C 


1,72 


2 


115 




ill; 
110. 


cn 


OA 


160 


A 


1.21 


2.45 






1 1 0. 


OU 


OA . 


4 CA 

160 


D 


1.1 


2 


70 


45 


117 


OU 


OA 


A CA 

ibO 




1 


1.76 


58 




118. 


50 


20 


180 


A 


1.1 


2.1 


79 




119. 


50 


20 


180 


B 


1.2 


1.57 


68 


SO 


120. 


50 


20 


180 


C 


1.18 


1.43 


68 




121. 


50 


20 


200 


A 


1 


2.12 


61 




122. 


50 


20 


200 


B 


1.2 


2 


71 


55 


123 


50 


20 


200 


C 


1.03 


1.46 


56 


124, 


50 


40 


160 


A 


1.3 


2.5 


115 




125. 


50 


40 


160 


B 


1.14 


2.1 


78 
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(continued) 



20 



Exannpte 


CaCOg (Wt- 
%) 


Flow Time 
(s) 


Temp. 
(»C) 


Riling 
Wl. 


Strain (%) 


Flexurai 
Strength 
(MPa) 


Fracture 
Energy 


126. 


50 


40 


160 


c 


1.1 


1.4 


59 


127. 


50 


40 


180 


A 


1.3 


2.2 


94 


128. 


50 


40 


180 


B 


1.5 


2.04 


95 


129. 


50 


40 


180 


c 


1.37 


1.7 


75 


1 130. 


50 


40 


200 


A 


1.4 


2.25 


107 


131. 

11 


50 


40 


200 


B 


1.2 


2.13 


76 


132. 


50 


40 


200 


C 


1.1 


1.4 


54 


133. 


50 


80 


180 


A 


1.3 


1.85 


85 


134. 


50 


60 


180 


B 


1.14 


1.8 


69 


135. 


50 


60 


180 


C 


0.97 


1.54 


57 


136. 


50 


60 


200 


A 


1.4 


2.7 




137. 


50 


60 


200 


B 


1.3 


2.4 




138. 


50 


60 


200 


C 


1.2 


2 





25 

[0388] As shown above, the strain to failure of the fomned products was not a function of itieology, processing tem- 
perature, or the filling weight. The only factor that significantly influenced the strain to failure was the calcium carbonate 
content. The most likely interpretation of this result is that the intertacia! bond strength between the starch and the 
inorganic component is comparatively weaic. Substituting 50% of the starch with calcium carbonate reduced the strain 
30 by about 50%. 

[0389] The flexurai strength of the fonned products was mainly affected by two parameters, calcium carbonate con- 
centration and rheology (/.e.» water content) of the mixture. The strength was adversely affected by the addition of the 
calcium carbonate. Substituting 50% of the starch with calcium carbonate reduced the strength by approximately 17%, 
In contrast, the strength Increased with an increase in viscosity of the mixture. A reduction In water content, which 
35 increased the flow time through a standard funnel from 20 s to 60 s, increased the strength by about 11%. The increase 
in strength with Increased viscosity was due to an increase in density of the material. 

[0390] The fracture energy of the fonned products was very sensitive to the addition of calcium carbonate. This was 
not unexpected since the level of inorganics influenced both the strain to failure, and to a smaller extent the flexurai 
strength. Substituting 50% of the starch with calcium carbonate reduced the fracture energy by about 70%. An increase 
40 in processing temperature also impacted the fracture energy negatively. The effect of processing temperature on frac- 
ture energy was relatively small for the pure starch material. However, an increase in processing temperature from 
leo^'C to 200*'C, reduced the fracture energy by about 27% for material containing 50% calcium carbonate. Excess 
filling weight generally impacted both the strength and the fracture energy negatively, due to the resulting lower density 
of the products. 

45 

Examples 139-146 

\ 

[0391 J Moldabie mixtures are made which have a lightweight aggregate in order to yield a more lightweight article 
having greater insulation ability and lower density. The mixtures used to form such articles are set forth as follows: 

so 



Example 


Potato Starch 
(9) 


Perlite (% by volume of mixture) 


Magnesium Stearate (g) 


Water (g) 


139. 


500 


5 


10 


500 1 


140. 


500 


10 


10 


500 1 


141. 


500 


15 . 


10 


500 1 
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(continued) 



Example 


Potato Starch 

(g) 


Periite (% by volume of mixture) 


Magnesium Stearate (g) 


Water (g) 


142. 


500 


25 


10 


500 


143. 


500 


40 


10 


500 


144. 


500 


55 


10 


500 


145. 


500 


65 


10 


500 


146. 


500 


85 


10 


500 



[0392] The mixtures are formed into cups using the systems and methods set forth above. As the amount of periite 
is increased, the resulting cup has a lower density, thermal conductivity, Increased stiffness, and increased britUeness. 
The cups having the optimal balance of the foregoing properties are obtained by using a moldable mixture in the which 
the concentration of periite ranges from between about 25% to about 55% periite by votunrm of the moldable mixture. 
However, using more or less than these amounts may be desired for certain articles. 

[0393] In the following group of examples, longer-length fibers were dispersed within the moldable mixtures by first 
preparing a preblended mixture of high viscosity. The result of adding fibers dramatically Increased the fracture energy, 
toughness, and flexibility of the newly demolded articles compared to the articles that were prepared without the use 
of fibers. In addition, the articles did not require further conditioning but retained adequate flexibility due to the remainder 
of adequate moisture within the starch-bound cellular matrix, as well as because of the strengthening effect of the 
fibei^s dispersed throughout the cellular matrix. 

Example 147. 



[0394] A moldable mixture for use in fomiing foamed articles was prepared having the following Ingredients in the 

respective amounts: 



Potato Starch 


500 g 


Calcium Carbonate (RO40) 


500 g 


Softwood Fibers 


100 g 


Magnesium Stearate 


lOg 


Water 


1300 g 



[0395] The moldable mixture was prepared by mixing 1 00 g of the potato starch with all of the fibers and 800 g of 
water to form a preblended mixture. This preblended mixture was then put into a microwave oven and heated up above 
the gelation point of 65'*C so that the starch would gelate and create a liquid with fibers suspended therein with a much 
^ higherviscosity. The preblended mixture was then mixed at high shearfor 10 minutes resulting is a complete dispersion 
of the fibers. The calcium carbonate, and the remaining amount of starch and water were then added to the preblended 
mixture and mixed to form the moldable mixture. 

Examples 148-162 

45 

[0396] Clam shell containers were formed from different moldable mixtures having five different types of starches 
and varying water content. Each of the moldable mixtures of these exantples had the following basic mix design: 



Starch 


500 g 


Calcium Carbonate (RO40) 


500 g 


Softwood fiber (C33) 


100 g 


Water 


variable 


Magnesium Stearate 


20 g 



55 

[0397] The starches that were utilized in the various moldable mixtures of these examples Included Western Polymer 
potato starch, Collamyl 910050 potato starch. Waxy Corn 7351 , Staley Pearl com starch, and Sta Lok 400 modified 
potato starch. The water content of the moldable mixtures varied at levels of 900 g, 1100 g, and 1300 g per 500 g of 
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starch used. The softwood fibers were Included at a level of 10% by weight of the combined starch and calcium car- 
bonate. A stock fibrous sheet comprising individual softwood fibers was broken into small fragments before being 
added to the mixture. Colored water was made by adding 2.55 g Egg Yellow, 0.52 g Blue, and 0.34 g Double Strength 
Red, all colors of Iris brand, to 100 g of the water used in each mixture. 

5 [0398] Each of the moldable mixtures of Examples 1 48-1 62 were prepared by the following procedure. The total 1 00 
g amount of chopped fiber pieces was soaked in 800 g of the water for about 30 minutes. The soaked fibers and water 
were then placed in a mixing bowl of cither a Hobart or Kitchen Aid mixer and mixed at slow to medium speed for about 
4 minutes to fomri an initial mixture. The mixing action broke the fibrous sheet fragments into small fibrous clumps or 
nodules. A weighed quantity of 100 g of starch was then added to the initial mixture and the mixing was continued at 

10 medium speed for 1 minute to form an initial mixture. The mixer was stopped and the prebtended mixture was placed 
In a plastic beaker and subjected to microwave energy In a standard kitchen microwave oven for 10 minutes at high 
power In order to gelate ttie starch. The hot. thickened mixture was renrK>ved from the mferowave oven and was shear 
mixed at sk>w. medium and high speeds for a total of 15 minutes to disperse the fiber therein, thus forming the preb- 
tended mixture. Thereafter, 500 g of cabium carbonate, 400 g of unmodified starch, and 20 g of magnesium stearate 

f5 were added to the preblended mixture, which was mixed at slow to medium speed with additional water for about 5 
minutes so that a final homogeneous starch-based composition was obtained. The additional water Included 100 g of 
colored water and the renriainlng water as required in the batch. 

[0399] The starch-based compositions were then placed between male and female molds designed to produce clam 
shell containers. The molding time was 75 seconds, with the temperature of the female molds being 180^0 and the 
^ temperature of the male molds being ISO^'C. The molded clam shell containers were then renrraved from* the mokJs 
and placed in a humidity chamber for a short period of time to equilibrate with moisture While a humidity chamber was 
used in Examples 73-87, it should be understood that use of a humidity chamber is optional and not required in forming 
the products of the present invention. 

[0400] Summarized below is a list of the selected starches used with the varying amounts of water in Examples 
25 148-1 62, as well as the resulting properties of the clam shell containers fonned from each of the moldable mixtures. 





Example 


Starch 


Water 
Content (g) 


K (W/mK) 


Thtekness 
(mm) 


Moisture 
(Wt-%) 


Spec. Grav. 
(g/cm3) 


Shell Wt.(g) 


30 


148. 


Western 
Polymer 


900 


0.065 


1.643 


4.808 


0.358 


31.44 


II 


Westem 
Polymer 


1100 


0.057 


1.660 


4.603 


0.306 


24.66 


35 


150. 


Western 
Polymer 


1300 


0.062 


1.635 


5.094 


0.234 


20.47 




151. 


Collamy 1 


900 


0.064 


1.643 


4.549 


0.310 


27.37 




162. 


Collamy 1 


1100 


0.055 


1.593 


4.536 


0.251 


21.47 


40 


153. 


Collamy 1 


1300 


0.052 


1.403 


4.683 


0.237 


16.03 




154. 


Waxy Corn 


900 


0.059 


1.618 


4.340 


0.296 


24.59 




155. 


Waxy Corn 


1100 


0.054 


1.220 


4,302 


0.246 


15.61 


45 


156. 


Waxy Corn 


1300 


0.056 


1.543 


4.188 


0.229 


17.77 


157. 


Staley 
Pearl 
Starch 


900 


0.066 


1.663 


4,077 


0.458 


34.82 


SO 


158. 


Staley 
Pearl 
Starch 


1100 


0.063 


1.660 


4.054 


0.291 


27.32 


55 


159. 


Staley 
Pearl 

Starch 


1300 


0.061 


1.671 


3.936 


0.273 


22.56 




160. 


Sta Lok 400 


900 


0.065 


1,317 


5.196 


0.409 


28.55 




161. 


StaLok400 


1100 


0.063 


1.500 


4.670 


0.306 


22.83 
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(continued) 



5 



Example 


Starch 


Water 
Content (g) 


K (W/m-K) 


Thickness 
(mm) 


Moisture 
(Wt-%) 


Spec. Grav. 
(g/cm^) 


Shell Wt.(g) 


162. 


StaLok400 


1300 


0.061 


1.510 


4.988 


0.238 


18.90 



[0401 ] As shown at>ove, increasing the amount of water from 900 g to 1 300 g in the moldable mixtures of the above 
examples generally resulted in a decrease in clam shell weight and specifte gravity. Weights were lowest for the waxy 

,0 com starch and highest for the unmodified com starch (Staley Peart), with the potato starches in between. Three 
measurements were recorded for the thermal conductivity of the walls of the clam shells and the average K value was 
reported. The thermal conductivity (K) of the fomned products generally decreased as the density decreased with 
increasing water content in the starch-based compositions. Changing the starch-based binder yielded different thermal 
conductivity values and changed the relationship between density and thermal conductivity somewtiat. 

f5 [0402] Mechanical properties of the fonfned clam shells of Examples 148-162 were also tested, including flexural 
strength, fracture energy, and strain, which are sunvnarized below. 





Example 


Flexural Strength 
(MPa) 


Fracture Energy 
(J/m2) 


Strain Before 
Failure (%) 


20 


148 


6.2 


740 


2 




149 


5.5 


780 


1.8 




150 


4.5 


650 


1.7 


25 


151 


5.5 


600 


1.7 




152 


4.3 


620 


1.6 




153 


2.5 


430 


1.5 




154 


3.8 


500 


1.7 


30 


155 


3 


350 


1.65 




156 


2.5 


200 


1.65 




157 


11 


680 


1.85 


35 


158 


7 


550 


1.6 




159 


6 


480 


1.55 




160 


5.2 


570 


2.1 




1 161 


4.8 


350 


1.45 


- 




4.6 


270 


1.3 



[0403] As shown above, as the water content of the starch-based composition was increased from 900 g to 1 300 g, 
whteh caused a decrease in the density of the fomied products, the strength decreased, the fracture energy generally 
decreased, and the strain before failure decreased. 

Examples 1 63-201 

[0404] Clam shell containers were formed from various moldable mixtures having 500 g of Sta Lok 400 potato starch, 
500 g of calcium carbonate, 20 g of magnesium stearate, and a varying fber and water content. The fibers used were 
softwood fibers. Each of the moldable mixtures of these examples were then molded to form clam shell containers. 
[0405] Summarized below is a list of the fiber amounts, including 5%, 10%, 15%, and 20% by weight fiber, and 
varying amounts of water ranging from 800 g to 1500 g, used in Examples 163-201 , along with the final weight of the 
clam shell fornied. The mechanical properties of Examples 163-178 and 187-201 were tested, including flexural 
strength, strain, and fracture energy, which are also summarized below. 
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Example 


Fiber 
(wl.%) 


Water 

(g) 


Final wt. 

(g) 


Flexural Strength 
(MPa) 


Strain Before Failure 
(%) 


Fracture Energy 
(J/m) 


5 


163. 


5 


800 


28.9 


3.5 


1.7 


450 




164. 


5 


900 


26.6 


3.6 


1.6 


410 1 




165. 


5 


1000 


23.2 


31 


1.65 


350 1 




166. 


5 


1100 


22.4 


2 


1.3 


200 1 


10 


167. 


5 


1200 


20 


2.5 


1.6 


300 




168. 


5 


1300 


18.9 


3 


•1.6 


375 




169. 


5 


1400 


18.3 


1.6 


1.3 


110 


IS 


170. 


5 


1500 


16 


1.4 


1.2 


100 




171. 


10 


800 


33.8 


4.4 


2.05 


720 1 




172, 


10 


900 


27.7 


4.4 


1,9 


930 




173. 


10 


1000 


27.8 


2.8 


2.8 


460 


20 


174. 


10 


1100 


26.1 


3.3 


1.8 


550 ' 




175. 


10 


1200 


24.4 


3 


1,7 


740 




176. 


10 


1300 


21.7 


2 


2.4 


470 


25 


177. 


10 


1400 


21.2 


3.2 


1.9 


640 




178. 


10 


1500 


20.7 


2.5 


1.65 


620 




179. 


10 . 


800 


35.6 


- 






30 


180. 


10 


900 


32.8 




- 


- 


181. 


10 


1000 


29.1 


- 


- 


- 




182. 


10 


1100 


27 






-- 




183. 


10 


1200 


26.2 




- 


- 


35 


184. 


10 


1300 


23.6 


- 


- 


- 




185. 


10 


1400 


23.9 


-- 


- 


- 




186. 


10 


1500 


21.5 




- 




40 


187. 


15 


800 


43 


8.5 


2.2 


1430 


188. 


15 


900 


39.4 


8.3 


1.85 


1210 




189. 


15 


1000 


36.6 


7.2 


2.25 


800 




190. 


15 


1100 


32.7 


4.8 


2 


730 


45 


191. 


15 


1200 


32.3 


5.7 


1.75 


880 




192. 


15 


1300 


30.3 


5 


1.75 


890 




193. 


15 


1400 


23.8 


3.6 


1.56 


720 




194. 


15 


1500 


23.6 


4.3 


1.25 


780 


SO 


195. 


20 


900 


46.6 


6 


3.1 


1050 




196. 


20 


1000 


44.9 


9.2 


2.4 


1175 




197. 


20 


1100 


37.6 


5.4 


2.2 


950 


55 


198, 


20 


1200 


36.3 


7 


2,5 


1000 




199. 


20 


1300 


32.1 


5.5 


2.25 


1100 
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5 



Example 


Fiber 
(wt.%) 


Water 

(g) 


Final wt. 
(9) 


Rexural Strength 
(IV)Pa) 


Strain Before Failure 
(%) 


Fracture Energy 
(J/m) 


200. 


20 


1400 


31 


5 


2.3 


1100 


201. 


20 


1500 


24.7 


2.2 


2.4 


475 



[0406] As shown above, there was a steady decrease in the weight of the molded dam shells of Examples 1 63-201 
as the water content was increased. Also, the weight of the dam shells Increased as the fiber content was rased. 
[0407] As shown above with respect to Examples 163-178 and 187-201, the strength of the tormed products in- 
creased with fiber content, with a more dramatic increase at 15% by weight than at 20% by weight, considering the 
differential Improvement for each additional amount of fiber The strain improved at 20% by weight fiber, while the 
fracture energy was higher for increasing amounts of fiber. An Increase in water content of the mixtures led to a fall in 
strength, especially at higher fiber contents. The strain remained similar for all water contents and showed a slight 
increase at intermediate water contents. 

[0408] The density and thenmal conducth^ity (K) of the fomied products of Examples 179-186 containing 10 wt-% 
fiber were also detemnined and are summarized below. 



20 



25 



Example 


Water Content 

(g) 


Density (g/cm^ 


k-factor(W/m.K) 


179 


800 


0.28 


0.061 


180 


900 


0.25 


0.057 


181 


1000 


0.222 


0.054 


182 


1100 


0.217 


0.052 


183 


1200 


0.224 


0.053 


184 


1300 


0.178 


0.049 


185 


1400 


0.215 


0.053 


1 186 


1500 


0.185 


0.051 



35 Examples 202-209 



[0409] Clam shell containers were fonned from moldable mixtures having waxy com starch, with a varying fiber and 
water content, with the other components being the same as in Examples 163-201. The fibers used were softwood 
fibers in an amount of 10% by weight. Varying amounts of water were used in the moldable mixtures of Examples 
40 202-209, from 900 g to 1200 g. Each of the moldable mixtures were then molded to fomi clam shell containers. The 
amount of water for each of Examples 202-209, along with the final weight of the clam shells formed are summarized 
below. 



so 



Example 


Water Content 

(g) 


Rnal Weight (g) 


Density (g/cc) 


Ic-factor (W/hiK) 


202. 


900 


26.2 






203. 


1000 


23.4 






204. 


1100 


19.9 






205. 


1200 


19.3 






206. 


900 


24.5 


0.21 


0.052 


207, 


1000 


21.4 


0,19 


0.049 


208. 


1100 


19.4 


0.18 


0.053 


209. 


1200 


18.5 


0.165 


0.051 
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[0410] As shown above, there was a steady decrease in the weight of the molded clam sheHs of Examples 202-209 
as the water content was increased. The density and of the formed products of Examples 206-209 was also detennined 
and decreased as the water content of the moldable mixtures increased, while the thenmat conductivity remained fairly 
constant. 

Examples 210-214 

[041 1] Clam shell containers were formed from moldable mixtures using various amounts of pregelated starch, rang- 
ing from 25 g to 150 9 (5-30 wt-% of the total starch added), which was used to fomi preblended mixtures having 1 00 
g of softwood fibers and 800 g of water. In each of Examples 135-139, the piBgelated starch was mixed with the other 
components for 6 minutes to form a thickened preblended mixture. Once the thickened preblended mixture had been 
fomied with the fibers dispersed therein, the remaining amount of ungetated starch was added thereto so that the total 
starch content was 500 g, along with 500 g of calcium carbonate, 20 g of magnesium stearate. and 200 g of additional 
water. The moldable mixtures were then molded into clam shell containers. 

[0412] The amount of pregeiatinlzed starch used in Examples 210-214, along with the final weight of the formed 
clam shells is summarized below. 



Example 


Pregeiatinlzed Starch (wt-%) 


Final Weight (g) 


210. 


5 


29.9 


211. 


10 


26.2 


212. 


15 


26 


213. 


20 


27.6 


214. 


30 


25.4 



[0413] The low pregeiatinlzed starch content of Example 210 (5 wt-7o) resulted in a poor fiber dispersion in the 
moldable mixture. At the high pregeiatinlzed starch content of Example 214 (30 wt-y©) the mixture was difficult to 
process. The pregeiatinlzed starch content of Examples 21 1 -213 (1 0, 15, and 20 wt-%) were found to be satisfactory 
in forming the products, with better results at the latter two values. As shown above, the amount of pregeiatinlzed 
starch used did not have a significant effect on the final weight of the molded clam shells of the above examples. 

Example 215. 

[0414] Starch/water mixtures were prepared having two sample concentrations of starch in order to detemiine the 
effect of starch concentration on the viscosity and yield stress of the resulting mixture: 

Sample 1 50 g of Western Polymer potato starch in 800 g of water; 
Sample 2100 g of the above starch in 800 g of water 

[041 5] These samples were then microwaved for 1 0 minutes with frequent stirring. The stirring was needed to avoid 
settling of the starch. A very homogeneous pregeiatinlzed starch liquid system was obtained in this manner for each 
of Samples 1 and 2. 

[041 6] On each sample, a single point measurement was made at a shear rate of 5 s'^ . Sample 1 had a viscosity of 
1 2.5 Pa s and Sample 2 had a viscosity of 75 Pa s. The measurements were made on a Paar Phystea MC-20 Rheometer 
with a cone/plate configuration. The angle of the cone was 1* with a 0.05 mm truncation. The diameter of the plate 
was 50 mm. The single point measurements were double checked with a 12.5 mm parallel plate. 
[0417] A flow curve was then generated with a shear rate range of 0-100 s-i. The measurement Included an up- 
curve generated over a period of time of greater than 1 80 s during which the shear rate was Increased, foltowed by a 
down-curve generated over a period of time of greater than 60 s during which the shear rate was decreased. The 
down-curve was run to Indicate whether there was any permanent effect of shear on the viscosity of the sample. Figures 
20 and 21 show graphs of the flow curves (up-curves) for each of Samples 1 and 2 (the down-curves are not shown). 
At both concentrations of Samples 1 and 2, it was found that the down-curve deviated from the up-curve on the first 
measurement, by a small amount. When a second measurement was made on the same sample of material, this 
difference disappeared, indicating a more steady state in viscosity. As shown in Figure 20 for Sample 1 , when the 
shear rate Increased, the viscosity went down to a steady state of about 1 .9 Pa s. As shown in Figure 21 for Sample 
2, when the shear rate increased, the viscosity went down to a steady state of about 9 Pa s. 
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[0418] Figures 22 and 23 show the effect of the pregelalinized starch on the yield stress and viscosity of the starch/ 
water mixtures of Samples 1 and 2. The pregelatinized starch increased both the yield stress and the viscosity dra- 
matically from about 6.3 wt-% (50 g of starch) up to about 1 2.5 wt-% (1 00 g of starch), which is shown by the Binghamian 
curves of Figures 22 and 23. This range for the amount of pregelatinized starch used in the starchAvater mixture to 

5 increase the viscosity and yield stress of the mixture will aid in dispersing fibers added thereto. Figure 22 shows that 
the yield stress of the mixture increased from about 80 Pa to about 425 Pa for the above range of pregelatinized starch. 
Figure 23 shows that the viscosity of the mixture increased from about 1 Pa-s to about 3.8 Pa-s for the above range 
of pregelatinized stanch. Figure 24 shows the yield stress vs. viscosity Binghamian curve for a final mixture containing 
the pregelatinized starch, fibers and inorganics. The yield stress increased up to about 1400 Pa and the viscosity 

10 Increased up to about 1 8 Pa-s for the final mixture. 

Examples 216-225 

[041 9] Clam shell containers were fomned from different moldable mixtures having two different types of unmodified 
15 Starches, including Westem Polymer potato starch and Staiey Peart com starch. A varying water content of 900 to 
1 700 g was used as well as 1 0 wt-% of softwood fibers. Each of the moldable mixtures of Examples 21 6-225 was then 
molded to form the clam shell containers. 

[0420] Summarized below is a list of the selected starches used with the varying amounts of water in the moldable 
mixtures, as well as the resulting properties of the clam shells formed from each of the moldable mixtures. 

20 



Example 


Starch 


Water Content (g) 


Density (g/cm^) 


Weight (g) 


216. 


Westem Polymer 


900 


0.339 


31.48 


217. 


Western Polymer 


1100 


0.274 


23.55 


218. 


Westem Polymer 


1300 


0.213 


17.82 


219. 


Western Polymer 


1500 


0.206 


14.75 


220. 


Western-Polymer 


1700 


0.156 


11.91 


1 221. 


Staiey Pearl 


900 


0.3B4 


30.96 


222. 


Staiey Pearl 


1100 


0.343 


26.93 


223. 


Staiey Pearl 


1300 


0.219 


17.86 1 


224. 


Staiey Pearl 


1500 


0.190 


15.20 1 


1 225. 


Staiey Pearl 


1700 


0.231 


15.40 1 



[0421] As shown above, when the water content in the moldable mixtures of Examples 21 6-225 was increased, the 
average weights of the final products decreased, except for Example 225, in which a poor sarnple was obtained using 

40 1 700 g of water. Except for Example 225, the densities of the products also reduced with an increasing water content 
in the moldable mixtures, indicating that the decrease In weight was due to greater foaming by steam during fonnatlon 
of the products. The increase In density of the product of Example 225 indicated that the product fomried with 1 700 g 
of water was poor in terms of the density desired. Thus, in Examples 21 6-224, the weight of the products reduced as 
the water content increased, resulting in lighter, less dense products. 

45 [0422] The mechanical properties of the fonned clam shells of Examples 216-224 were tested, including flexural 
strength, fracture energy, and strain, which are summarized below. 



Example 


Strength (MPa) 


Fracture Energy (J/m^) 


Strain (%) |{ 


216 


4.7 


780 


2.1 j 


217 


4 


550 


1.7 1 


218 


2.7 


370 


2.2 


219 


2.6 


350 


1.5 


220 


2 


250 


1.6 


221 


7.2 


. 660 


1.6 
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(continued) 



Example 


Strength (MPa) 


Fracture Energy (J/ni^) 


Strain (%) 


222 


5.5 


710 


1.8 


223 


3.6 


520 




224 


3.7 


450 





[0423] As shown above, as the water content went up from 900 g to 1 700 g in each of Examples 21 6-224, the strength 
generally decreased, the fracture energy generally decreased, and the strain fluctuated from a high of 2.2 % down to 
1.3%. 

[0424] Figures 25 is a graph showing the skin thickness as a function of water content for the articles of Examples 
216-225. The graph of Figure 25 shows that as the water content increased in the various moldable mixtures, the skin 
thickness generally decreased in the final products. This result corresponded well with the observed decrease in density 
of these products with increasing water, since the density is primarily governed by the skin thickness on the outside of 
the product. 

[0425] Figure 26 is a graph showing the average internal cell diameter as a function of water content for the articles 
of Examples 216-225. The graph of Rgure 26 shows that as the water content increased the cell diameters of the 
foamed structural matrix of the products also Increased, except for Example 225, whfch had a decrease in average 
ceil diameter. The larger interior cells contributed to a lower density and more flexibility In the fomned products. 
[0426] The skin thicknesses and average internal cell diameters of the artk^les of Examples 21 6-225 are summarized 
below. 



25 



30 



35 



40 



Example 


Skin Thickness (jud) 


Av. Cell Diam. Oim) 


216 


280 


640 


217 


280 


680 


218 


170 


820 


219 


110 


825 


220 


120 


950 


221 


240 


640 


222 


220 


650 


223 


175 


870 


224 


115 


1025 


II 225 


125 


800 



[0427] It was also observed that the artkHes of Examples 21 6-225 that were molded from mixtures with higher water 
content appeared to have the fewest and smallest pinholes in the surfaces thereof. Thus, these lightweight products 
would be relatively easy to coat with an appropriate coating material to Increase water and grease resistance. 

Exanf^le 226. 

[0428] Viscosity measu rements were conducted on three samples of starch-based fiber containing mixtures having 
various amounts of water as follows: 



so 



Sample 1 


900 g water 


Sample 2 


1300 g water 


Sample 3 


1 500 g water 



55 [0429] A Paar-Physba Instrument was used to measure the viscosity of the sample mixtures. A parallel plate con- 
figuration was used with a gap setting of 1 mm. It was determined that the measurements had to be made quickly and 
at relatively low shear rates to avoid segregation and Tiber alignment. 

[0430] Figure 27 shows a flow curve of shear rate vs. viscosity for the mixture of Sample 1 . Figure 27 shows a 
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drop in apparent viscosity with an increasing shear rate, with the viscosity stabilizing at about 500 Pa>s at a shear rate 
of 25 s'V The mixture of sample 1 had an apparent viscosity of about 1700 Pa-s at a shear rate of 5 sr^. 
[0431] Figures 28-29 show various flow curves for Sample 2. Figure 28 shows a drop in apparent viscosity with an 
increasing shear rate, with the viscosity stabilizing at about 80 Pa*s at a shear rate of 22 s"V The mixture of Sample 2 

5 had an apparent viscosity of about 340 Pa-s at a shear rate of 5 s-^ . Figure 29 shows a flow curve of the shear rate 
vs. yield stress for Sample 2. The yield stress (x) increased up to 1820 Pa at a shear rate of 22 s-^ from an initial yield 
stress of 1 400 Pa. By calculating the difference between the increased yield stress (1820 Pa) and the initial yield stress 
(1400 Pa) and dividing by the shear rate (22 sr^), the plastic viscosity was detennined to be 19.1 Pa-s. 
[0432] Figure 30 shows a flow curve for another mixture of Sample 2. Figure 30 shows a drop in apparent viscosity 

10 with an Increasing shear rate, with the viscosity stat)lll2ing at about 75 Pa-s at a shear rate of 20 s'l. This mixture of 
Sample 2 had an apparent viscosity of about 165 Pa s at a shear rate of 5 s-^ 

[0433] Figure 31 shows a viscosity-time-curve for the mixture of Sample 2 at a shear rate of 5 s*^ Rgure 31 shows 
a drop in apparent viscosity with shearing time, with the viscosity stabilizing at about 100 Pa-s. This Is most likely due 
to the alignment of fibers in the direction of shear over time. An initial viscosity was detemilned after 8 seconds to be 
15 446 Pa s at the shear rate of 5 s'l . This numt>er was an average of three single point measurements that varied between 
419 and 472 Pa s. 

[0434] Rgures 32-33 show various flow curves for Sample 3. Rgure 32 shows a drop In apparent viscosity with an 
Increasing shear rate, with the viscosity stabilizing at about 24 Pa s at a shear rate of 24 s~^ The mixture of Sample 3 
had an apparent viscosity of about 60 Pa s at a shear rate of 5 s-^. Rgure 33 shows a flow cun^e of the shear rate vs. 
20 yield stress for Sample 3. The yield stress increased up to 600 Pa at a shear rate of 26.5 s"^ from an initial yield stress 
of 215 Pa. By calculating the difference between the increased yield stress (600 Pa) and the initial yield stress (215 
Pa) and dividing by the shear rate (26.5 s-i), the plastic viscosity was detemnined to be 14.5 Pa s. 

Examples 227-246 

25 

[0435] Clam shell containers were formed using various moldable mixtures. The clam shells were formed with various 
molding times to detenmine the minimum molding time necessary to produce a quality product with maximum residual 
moisture. The clam shells were fomied from two moldable mixtures with a different water content. All of the components 
in the moldable mixtures were the same except that the top portion of the clam shell was fomied with 1400 g of water 
30 and the bottom portion of the clam shell was formed with 1300 g of water. The moldable mixtures had the following 
basic mix design: 



Western Polymer Potato Starch 


500 g 


Calcium Cart^onate (Georgia Marble RO40) 


500 g 


Federal Softwood Fiber 


100 g 


Water 


1400, 1300 g 


Magnesium Stearate 


20 g 



40 [0436] The mold was heated to thefollowing constant temperatures and was not adjusted during the molding process: 



Mold Core 


195*»C 


Front Plate 


190*»C 


Rear Plate 


190»C 



[0437] A molding time of 30 seconds was chosen as a starting point. If the product was not of suitable quality at that 
molding time, the time was increased in 5 second increments until a satisfactory product was produced. When a sat- 
isfactory product was produced at a certain baking time, two more sarnples were produced, making three samples to 
average. This procedure continued to a final molding time of 130 seconds. A satisfactory product was detemnined as 
one that was form stable, with no bubbles (due to underheating), and had a smooth surface. 
[0438] The weight of a sample was taken directly out of the mold. The sample was then dried In an oven at 150'C 
and weighed again. The amount of moisture was determined by subtracting the dry weight from the mold weight of the 
sample and dividing by the mold weight. The average moisture of the three samples for each example was determined, 
including the top shell portions and the bottom shell portions, which were determined separately. The moWing time 
and final moisture content of the top shell and bottom shell portions are summarized below for each of Examples 
227-246. 
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Example 


Molding Time 
(sec) 


Moisture (Wt-%) in top shell 


Moisture (Wt-%) in bottom shell 


5 


227. 


35 


4.9 


9.3 




228. 


40 


3.3 


5.4 




229. 


45 


3.1 


4.4 




230. 


50 


1.5 


3.2 


10 


231. 


55 


1.4 


3.3 




232. 


60 


1.1 


2.4 




233. 


65 


0.9 


1.4 


IS 


234. 


70 


0.7 


1.3 




235. 


75 


1.2 


1.1 




236. 


80 


1.3 


1.2 


20 


237. 


85 


0.9 


1.0 


238. 


90 


1.7 


0.8 




239. 


95 


1.2 


0.7 




240. 


100 


1.1 


1.1 


25 


241. 


105 


1,0 


0.9 




242. 


110 


0.8 


1.0 




243. 


115 


0.9 


1.0 


30 


244. 


120 


1.3 


1.2 


245. 


125 


1.1 


1.0 




246. 


130 


1.2 


1.2 



[0439] As shown above, there was a consistent relationship between sample moisture and baking time. The moisture 
In both the top shell and bottom shell portions dropped rapidly with small increases in baking time. In both portions, 
the residual moisture levels out between 0-1 wt-% moisture at 70-75 seconds. The variations after this time in residual 
moisture are due to the fact that when the products come out of the mold at the higher molding times, they are essentially 
completely dry. Tliese dry products absorb additional moisture from the air in the time it takes to weigh them, resulting 
In the variations of the nru}isture content 

[0440] The data for the top shell portions indicates that a molding time between 40-45 seconds is sufficient to produce 
a quality product. Ail of the samples molded at less than 35 seconds resulted in poor products, while only one sample 
was poor at 40 seconds and all three samples were molded sufficiently at 45 seconds. The sample averages show a 
product moisture of about 3.3 wt-% at 40 seconds (Example 228) and about 3.1 wt-% (Example 229) at 45 seconds. 
Thus, the top shell portion had about 3 wt-% moisture in producing a satisfactory product. 

[0441] Due to the higher density of the bottom shell portion, a longer molding time is required for the bottom shell, 
it was found that below 45 seconds, all of the samples were poor. A molding time of 50 seconds produced three 
satisfactory samples, but at a molding time of 55 seconds, one sample was again poor. Without considering the need 
for better heat transfer in the moid design, it was concluded that a sufficient molding time for the bottom shell portion 
was between 55-60 seconds (Examples 231-232). Thus, the bottom shell portion had about 2-3 wt-% moisture In 
producing a satisfactory product. 

[0442] Thus, through the present invention, it is possible to produce a starch-based dam shell container with about 
3 wt-% residual moisture directly out of the mold without the need for subsequent conditioning thereof. The molding 
times to produce such a clam shell are about 40-45 seconds for the top shell portion and about 55-60 seconds for the 
bottom shell portion. 



65 



EP 0 804 331 B1 



Examples 247-267 

[0443] Clam shell containers were formed using various moldabte mixtures. In fomiing these products, the fill weight 
of the mixtures in the mold was detennined and the effect of the fill weight on the final weight of the products was 
5 studied. The water content of the mixtures was 1 1 00, 1 300, and 1 500 g , and Westem Polymer potato starch was used 
along with RO40 calcium carbonate and 1 0 wt'% of softwood fibers. The water content, fill weight, and final weight of 
the products produced are summarized below for each of Examples 247-267. 



10 



35 



40 



Example 


Water Content (g) 


Fiit Weight (g) 


Final Weight (g) 1 


247. 


1100 


25 


1 


248. 


1100 


27.5 


24.87 1 


249. 


1100 


30 


24.18 1 


250. 


1100 


32.5 


23.63 1 


251. 


1100 


35 


22.95 


252. 


1100 


37.5 


22.44 


253. 


1100 


40 


- 


254. 


1300 


25 


- 


255. 


1300 


27.5 


18.26 


256. 


1300 


30 


17.67 


257. 


1300 


32.5 


17.34 


258. 


1300 


35 


16.82 


259. 


1300 


37.5 


16.80 


260. 


1300 


40 




261. 


1500 


25 




262. 


1500 


27.5 


16.42 


263. 


1500 


30 


15.55 


264, 


1500 


32.5 


14.76 


265. 


1500 


35 


14.73 


266. 


1500 


37.5 


15.18 


267, 


1500 


40 





[0444] As shown above, as the fill weight increased for any given water content, the weight of the final product 
decreased. Also, for the sanrre given fill weight, a higher water content resulted in a lower weight of the product At a 
fill weight of 25 g and 40 g, poor products were formed so that the final weight was not reported for the above corre- 
sponding examples. 

Examples 268-273 

[0445] Clam shell containers were formed using various moldable mixtures. Westem Polymer potato starch was 
used along with various fiber types, including cotton linters and wood fibers, in the motdable mixtures of Examples 
268-273. The fiber type and amount, moisture and bulk density of the formed products are summarized below for each 
of Examples 268-273. 



55 



Example 


Fiber type (Wt-%) 


Moisture (Wt-%) 


Density (g/cm^ 


268. 


Cotton Flock D200 fine (20%) 


4.98 


0.217 


269. 


Cotton Rock D260 medium (20%) 


4.90 


0.217 
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(continued) 



5 



Example 


Fiber type (Wt-%) 


Moisture (Wt*%) 


Density (g/cm^) 


270. 


Conon Rock D275 coarse (20%) 


5.04 


0.223 


271. 


Alfacell C10(20%) 


5.05 


0.215 


272. 


Softwood (10%) 


5.05 


0.225 


273. 


Hardwood (10%) 


5.48 


0.198 



10 

[0446] The mechanical properties of the fomned clam shells of Examples 268-273 were also tested, Including strength 
(peak toad), in which the formed material was bent with a 10 mm displacement over a 40 mm span, as well as the 
strain (at rupture), and the fracture energy. These mechanical properties are summarized below. 



15 



20 



Example 


Strength (MPa) 


Strain (%) 


Fracture Energy (J/m^) 


268 


3.501 


1.34 


223 


269 


3.179 


1.68 


406 


270 


2.33 


1.6 


204 


271 


2.69 


1.27 


173 


272 


3.865 


1.74 


771 


273 


3.145 


1.35 


452 1 



25 

[0447] As shown above, the cotton fibers were able to provide strength to the starch matrix, but had a different post- 
fracture behavior. The softwood fiber-containing material (Example 272) retained integrity long after the first cracks 
propagated in the material and the load started to decrease, indicating that it was a tougher material. The products 
made out of cotton fibers and Alfacell (Examples 269-271) had a more abrupt failure and were thus more brittle. The 
30 product containing medium cotton fibers (Example 269) had a strain measurement closest to that for the softwood 
fiber-containing product, while the product containing fine cotton fibers (Example 268) had a strength measurement 
closest to that for the softwood fiber-containing product. 



COiWPARATlVE TESTING 

35 

[0448] Two fiber reinforced starch-based compositions of the present invention were formulated and molded into 
clam shell containers in order to compare their mechanical properties, including strain, flexural strength, and fracture 
energy, to the mechanical properties of a conventional starch-based material made without fibers fomned into a tray. 
The compositions of the invention molded into clam shells are identified below as Samples 1 and 2, while the conven- 

40 tional starch material Is identified as Sample 3. 

[0449] The Ingredients and respective amounts used in the compositions of the present invention that were used to 
mold the inventive dam shells are sumrriarized below for each of Samples 1 and 2. The components were mixed 
together by first gelating 1 00 g of the starch-based binder in water and then unifomnly dispersing the fibers throughout 
the fluid fraction by means of the high yield stress fluid fraction transferring the shear from the mixer down to the fiber 

45 level. 



Ingredient 


Sample 1 


Sample 2 1 


Potato Starch 


500 g 


lOOOg 


Calcium Cartjonate (RO40) 


500 g 


0 


Softwood Fiber 


100 g 


100g 


Magnesium Stearate 


20 g 


20 g 


Water 


1300 g 


1300 g 



[0450] The tray of Sample 3 was made from a conventional starch-based mixture containing no fibers or inorganic 
aggregates (namely a starch binder, water, and mold release agent) and measured 25 x 25 cm. Test sections were 
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removed from the tray of Sample 3 and from the bottom of the clam shells of Samples 1 and 2 to detemnine various 
characteristics and mechanical properties of the materials used. The thickness, moisture content, and density of the 
articles made from Samples 1 -3 are summarized below. 



Sample 


Thickness (mm) 


Moisture (wt-7o) 


Density (g/cm^ 


1 


2.11 


5.05 


0.225 1 


2. 


2,1 


10.74 


0.149 1 




3.46 


10.78 


0.208 1 



[0451] The mechank:ai properties of each of Samples 1^ were measured. Including flexural strength, strain, and 
fracture energy, by using a three point bending test at a constant displacement rate. Both load and displacement were 
measured, and subsequent analysts yielded the flexural strength, the strain to failure, and the fracture energy. These 
mechanical properties are summarized below along with the nomnalized fracture energy, which was determined to take 
into account the varying densities of Samples 1-3. 



Sample 


Flexural Strength (MPa) 


Strain (%) 


Fracture Energy (J/m^) 


Nonnalized Fracture Energy (J/m^y 
(g/cm3) 


1 


3.865 


1.74 


771 


3430 


2 


3.464 


1.88 


526 


3530 


3 


2.968 


2.1 


156 


750 



[0452] As shown above, the flexural strength of the articles made using Samples 1 and 2 of the present invention 
was higher than the flexural strength of the articles using the conventional starch-based composition of Sample 3. It 
should be noted that because the article made from Sample 3 had a greater thickness (3.46 mm) compared to the 
thicknesses of the articles made from Samples 1 and 2 (2.1 1 mm and 2.1 mm) ct would be expected to give an artificially 
high flexural strength reading compared to if it had a thickness of about 2 mm due to limitations of the testing method. 
Hence, if Sample 3 wouW have had the same thickness as Samples 1 and 2 (2.1 mm), the flexural strength of Sample 
3 would be expected to have been even lower. While the strain or elongation before failure was fairiy comparable for 
each of Samples 1 -3. the fracture energy was substantially higher for the article made from Samples 1 and 2 compared 
to the article made from Sample 3. As shown above, the difference in fracture energies was even more dramatte 
between the articles made from Samples 2 and 3 because of the significantly lower density of the article made from 
Sample 2. Figure 34 shows a graph illustrating the much higher nomialized fracture energies of Samples 1 and 2 
compared with the lower nomnalized fracture energy of the conventional starch material of Sample 3. Thus, this com- 
parative test demonstrates that the inclusion of substantially unifomrily dispersed fibers in the compositions of the 
present invention yields articles with higher flexural strength and dramatically higher fracture energy compared to the 
artk:les made according to the prior art. 

[0453] In a second comparative test, the articles made from the compositions of Samples 1 -3 were tested for tensile 
strength and other properties. An additional composition made according to the present invention, identified as Sample 
4, was prepared as above and formed into a clam shell arttele. A standard starch-based composition without fibera, 
identified as Sample 5. was also fonned into a clam shell artkde. Rnally, an arttole In the shape of a plate was obtained 
that was manufactured from a second conventional starch-based material identified as Sample 6. The components 
and their respective amounts within each of the compositions of Samples 4-6 are set forth below. 



Component 


Sample 4. 


Sample 5. 


Sample 6. 


Potato Starch 


1000 g 


1000 g 


495 g 


Vegetable oil mixed with Cetodan (emulsified 
monoglyceride) 


0 


0 


50 g (47 g oil and 3 g Cetodan) 


Softwood Fiber 


50 g 


0 


° 


Mold release agent 


20 g 


20 g 


5g 


Water 


1300 


1300 


500 



[0454] Sample pieces of the various articles that were tested were prepared as follows for testing. The samples to 
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be tested were cut out of the bottom portions of the clam shells of Samples 1-2 and 4-5. and from the tray and plate 
of Samples 3 and 6, respectivety. The samples for tensile testing were cut to a 25 mm x 60 mm dimension. Since the 
mechanical properties of starch-based materials are generally sensitive to moisture content, and can change over time 
depending on the ambient moisture conditions to which they are exposed, the moisture contents within all six test 
s samples were equilibrated In order to yield more reliable comparative test results. In particular the test samples were 
placed In a humidity chamber at 2S''C and at 52% relative humidity for a period of about 12 hours, thereby equalizing 
the moisture within each of the test samples to about 10% by weight of the starch content. The moisture within each 
of the samples was maintained at this level until the moment they were tested. 

[0455] Brass shim stock (0.005 inches in thickness) was attached to each end of a sample to provide means for 
10 securing the sample to the testing machine for applying a tension, or tensile stress. The shims were attached to the 
samples with an overlap of 1 5 mm on each end and an overhang of about 15 mm. Super Glue was used to attach the 
shims due to its quk:k curing time and high shear strength. 

[0456] The tensile strengths of each of the test samples were tested using an Instron 8501 machine using the Series 
9 program. The grips were about 70 mm apart and the tested sample was held by the overhanging portion of the brass 
shims thereon. It was assumed that the indirect applcatibn of a load to the shinrs would not measurably affect the test 
results as the stiffness of the brass shims was about 1 000 times that of the starch-based materials of the test samples. 
The test was conducted under displacement control wherein the loading rate was held constant at 1 0 mm per minute. 
Displacement, or elongation, was allowed to proceed until a complete rupture of the sample was achieved, i.e. , where 
the sample no longer could resist a load. 

20 [0457] TTie tensile strength was calculated by dividing the maximum toad by the cross-sectional area at the plane of 
fracture. The amount of strain before failure was cak:ulated by dividing the displacement at maximum load by the gauge 
length (length of sample between the shims). It was assumed that the strain in the shims was negligible due to the 
much higher stiffness thereof. The fracture energy was cafcutated by computing the area under the load displacement 
curve (to the point of complete rupture of the test sample) and dividing it by the sample area at the plane of fracture. 

25 [0458] The above mechanical properties as well as the density and starch content (weight fraction) of the materials 
of Samples 1-6 are summarized as follows. 



Sample 


Density 
(g/cm3) 


Starch weight fraction 


Tensile Strength 
(MPa) 


Strain (%) 


Fracture Energy (J/m^j 


1 


0.243 


0.46 


1.407 


1.44 


831 . 


2 


0.196 


0.89 


1.88 


1 57 


723 


3 


0.209 


0.98 


1.08 


1.83 


573 


4 


0.192 


0.93 


1 8 


1.64 


678 


5 


0.145 


0.98 


0.93 


1.6 


397 


1 ^ 


0.13 


0.89 


1.04 


1.4 


388 



40 [0459] As the table shows, the tensile strengths and fractutB energies are significantly greater with respect to articles 
made from the compositions of Samples 1 , 2, and 4, whbh include substantially unifomily dispersed fibers. The me- 
chanteal properties of tensile strength and fracture energy were then nonnaiized with respect to the density and the 
starch weight fraction for each of Samples 1-6. The results are summarized below. 



Sample 


Normalized Tensile Strength MPa/[(g/cnri3) weight 
fraction of starch] 


Normalized Fracture Energy (J/nr»2)/[(g/cm3) 
♦weight fraction of starch] 


1 


13 


7599 


2 


11 


4142 


3 


5 


2798 




10 


3796 




7 


2795 




9 


3356 



[0460] As shown above, the normalized tensile strengths and fracture energies of the articles of Samples 1 , 2 and 
4, which were made according to the present invention, were significantly higher than the conventional materials of 
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Sampfes 3, 5, and 6 that contained no fibers, particularly with respect to the tensile strength and fracture energy of 
Sample 1 . which contained considerably less starch per unit weight of the article by virtue of the inclusion of a high 
inorganics content. This comparative test demonstrates that the inclusion of unifomily dispersed fibers substantially 
Increased both the tensile strength and the fracture energy of the starch-based materials of the invention per unit 
s starch, particularly where a targe amount of calcium carbonate was included. 

VII. SUMMARY. 

[0461] From the foregoing, it will be appreciated that the present invention provides compositions and methods for 
fo manufacturing novel organically-bound materials that can replace paper, paperboard, metal, plastic, polystyrene, or 
other organic materials as the material of choice for producing containers and other articies. 
[0462] The present invention further provides compositions and methods that improve the dispersion of fibers within 
such organically-bound materials without the use of large quantities of water. Such composttlons and methods specif- 
ically allow for a more thorough dispersion of fibers, particulariy relatively long-length fibers (I.e., those having an 
IS average length greater than about 1 .5 mm), within the organically-bound materials used to make said containers or 
other articles. 

[0463] The present invention additionally provides compositions and methods for manufacturing organically-bound 
materials that can be filled with relatively large percentages of inorganic aggregates, particulariy an aggregate filler 
which is compatible with and commonly found in the earth, and yet maintain their structural integrity and desired me- 
20 chanical properties. 

[0464] Moreover, the present invention provides compositions and methods that yield highly inorganically filled, or- 
ganically-bound articles having properties similar, or even superior, to paper, paperboard, metal, polystyrene, plastic, 
or other organic materials, 

[0465] The present invention further provides compositions and methods which allow for the manufacture of con- 
25 tainers and other articles without the need for prolonged, high-humidity conditioning in order to obtain the required 
flexibitity or toughness. 

[0466] The present invention also provides compositions and methods which yield starch-based articles that do not 
require the application of a coating to maintain adequate moisture within the cellular matrix or to make the cellular 
matrix water resistant. 

30 [0467] The present Invention additionally provides compositions and methods whk:h yield starch-bound containers 
and other articles having a smoother, more uniform surface compared to existing starch-based articles. 
[0468] The present invention further provides compositions and methods that yield starch-bound articles having 
varying cross-sectional thicknesses throughout the same article. 

[0469] Further, the present invention provides compositions and methods for manufacturing articles using existing 
35 manufacturing equipment and techniques presently used to form such articles from paper, papertsoard, metals, poly- 
styrene, plasty, or other organic materials. Another object is that such compositions and methods do not result in the 
concomitant generation of wastes involved with the manufacture of artteles from conventional materials. 
[0470] The present invention also provides compositions and methods that require the use of less water that has to 
be removed during the manufacturing process (as compared to the manufacture of paper or other organk;atly-based 
^ materials), in order to shorten the processing time and reduce the initial equipment capital investment. 

[0471] The present invention additionally provides compositions and methods that make possible the manufacture 
of containers and other articles at a cost that is comparable to or even less than existing methods of manufacturing 
containers or other articles from paper, paperboard, metal, plastic, polystyrene, or other organk; materials. Specif teally, 
an important object and feature is that such compositions and methods result in a reduction in the consumption of 
45 energy, valuable natural resources, and initial start-up capital presently expended in making articles from conventional 
materials, such as paper, metals, polystyrene, plastk:, or other organic materials. 

[0472] The present inventbn further provides compositions and n^thods that yield artteles having a similar cross- 
sectton and comparable mechanical properties of, e.g., insulation, strength, toughness, etc., compared to paper, pa- 
pertDoard, polystyrene, plastk:, or other organic materials. 
50 [0473] The present invention also provides compos'itlons and methods that allow for the mass-production of highly 
inorgank:ally filled, organ fcalty-bound artfcles that can be rapidly fonned and ready to use within a matter of minutes 
from the beginning of the n^anufacturing process. 

[0474] Rnally, the present Inve ntion provides compositions and methods that allow for the production of highly inor- 
ganically filled, starch-based materials having greater flexOsllity, ftexural strength, toughness, moldability, mass-pro- 
S5 ducibility, product stability, and tower environmental impact compared to conventionally manufactured starch-based 
materials. 

[0475] The described embodiments are to be considered in all respects only as illustrated and not restrictive. 
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Claims 

1. An article of manufacture having a fiber-reinforced, starch-bound cellular matrix, and a laminate coating applied 
to at least a portion thereof, the starch-bound cellular matrix comprising a gelated starch -based binder and ihers 
dispensed throughout the starch-bound cellular matrix, the fibers having an average length greater than about 0.3 
mm, an average aspect ratio greater than about 25:1 , and a concentration in a range from about 2% to about 80% 
by weight of the starch-bound cellular matrix. 

2. An article as claimed In claim 1 , wherein the starch-bound cellular matrix has a density in a range from about 0.05 
g/cm^ to about 1 g/cnrP, preferably in a range from about 0.15 g/dn^ to about 0.25 g/cm^. 

3. An article as claimed in dalm 1 , wherein the starch-bound cellular matrix includes an outer sicin portion (10) having 
a density and an interior foam portion (1 4) having a density that Is significantty lower than the density of the outer 
skin portion. 

4. An article as claimed In claim 1 , having a thickness up to about 10 cm, preferably In a range from about 0.5 mm 
to about 5 mm, especially in a range from about 1 mm to about 3 mm. 

5. An artRle as claimed in claim 1 , wherein the starch-based binder has been gelatinized during molding and includes 
at least one of an unmodified starch, a potato starch, a potato starch derivative, a waxy com starch and a waxy 
com starch derivative. 

6. Ari article as claimed in claim 1. wherein the starch-based binder has an amylose content less than about 45%, 
preferably less than about 25%. 

7. An article as claimed in claim 1 , wherein the starch-based binder includes a modified starch, preferably a modified 
starch that has been modified by at least one of esterification, etherification, oxidation, acid hydrolysis, cross- 
linking, or enzyme conversion. 

8. An article as claimed In claim 1 , wherein the starch-based binder has a concentratton In a range from about 1 0% 
to about 80% by weight of the starch-bound cellular matrix, preferably In a range from about 30% to about 70% 
by weight of the starch-bound cellular matrix. 

9. An article as claimed in claim 1 , wherein the fibers include at least one of cell uloslc fibers, hardwood fibers, softwood 
fibers, recycled paper fibers, hemp fibers, cotton fibers, sisal fibers, abaca fibers, bagasse fibers, graphite fibers, 
silica fibers, ceramic fibers, and metal fibers, 

10. An article as claimed in claim 1 , wherein the fibers have a concentration in a range from about 4% to about 40% 
by weight of the starch-bound cellular matrix, preferably In a range from about 5% to about 20% by weight of the 
starch-bound cellular matrix. 

11. An article as claimed In claim 1 , wherein the fibers have an aspect ratio of at least 1 00:1 . 

12. An article as claimed in claim 1 , wherein the fibers have an average length of at least about 2 mm; preferably at 
least about 3.5 nrim, especially at least about 6.5 mm. 

13. An arttele as claimed in claim 1 , further comprising an inorganic aggregate filler, preferably an inorgank; aggregate 
filler selected from the group consisting of cakHum carbonate, sand, gravel, rock, limestone, sandstone, glass 
beads, mica, clay, kaolin, synthetic clay, alumina, silica, fly ash, fused silica, tabular alumina, microsphares, cateium 
sulfate dihydrate, calcium aluminate, hydrated hydraulk: cement partbles, and unhydrated hydraulic cement par- 
ticles, perilte, vermiculite, hollow glass spheres, aerogels, xerogels, porous ceramk; spheres, xonotlite, lightweight 
expanded clays, pumice, and exfoliated rook. 

14. An artk^e as claimed in daim 1 , wherein further comprising, an inorgank: aggregate filler having a concentration 
In a range from about 20% to about 80% by weight of the starch-bound cellular matrix, preferably in a range from 
about 30% to about 70% by weight of the starch-bound cellular matrix, especially in a range from about 40% to 
about 60% by weight of the starch-bound cellular matrix. 
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15. An article as claimed in claim 1 . wherein the laminate coating comprises an organic coating, fomied from at least 
one of waxes, shellac, drying oils, rosins, rosin derivatives, polyester resins, epoxy resins, terpene resins, vinyl 
resins, preferably polyvinyl acetate and polyvinyl alcohol, cellulose-based materials, preferably cellulose acetate, 
polyethylene, polyethylene copolymers, acrylics, acrylic copolymers, melamlne. polyamides, polylactic acid, pol' 
yhydroxybutyrale-hydroxyvalerate copolymer, soybean protein, biodegradable polymers, elastomers, and deriva- 
tives of the foregoing. 

16. An article as claimed in claim 1 , wherein the laminate coating is applied as a substantially uniform film. 

17. An article as claimed in claim 1 , the starch-bound cellular matrix further comprising polyvinyl alcohol. 

18. Anartideasdalmedlndaiml.whereinthearticlecomprisesafoodorbeveragecontainerorallquldtlghtcom^^ 

19. An article as claimed In dalm 1 , wherein the article Is a clam shell container, acarton. a box. a cup, a plate, a bowl 
or a tray. 



20. A fiber-filled starch-based composition for molding Into an article having a starch-bound cellular matrix, the starch- 
based composition comprising ungelatinized starch, water, a thickening agent, and fibers having an average aspect 
ratio greater than about 25:1 ; the water and thickening agent comprising a fluid fraction having a yield stress such 
that the fibers are substantially uniformly dispersed throughout the starch-based composition, the conposrtion 
forming the starch-bound cellular matrix upon gelation of the starch and subsequent removal of at least a portion 
of the water from the starch-based conrpositlon by evaporation. 

21. A fiber-filled starch-based composition as claimed in claim 20, wherein the fluid fraction has a yield stress in a 
range from about 10 Pa to about 5000 Pa, preferably in a range from about 100 Pa to about 500 Pa. 

22. A fiber-filled starch-based composilion as claimed in claim 20. wherein the fluid fraction has an apparent viscosity 
measured at a shear rate of 5 s'l In a range from about 5 Pa-s to about 1000 Pa-s, preferably in a range from 
about 30 Pa s to about 200 Pa*s. 

23. A fiber-filled starch-based composition as claimed In claim 20, wherein the starch-based composition has a yield 
stress in a range from about 250 Pa to about 4000 Pa. 



24. A fiber-filled starch-based composition as claimed in claim 20, wherein the starch-based composition has an ap- 
35 parent viscosity measured at a shear rate of 5 s'l In a range from about 50 Pa-s to about 2000 Pa-s. 

25. A fiber-filled starch-based composition as claimed in claim 20. wherein the starch is selected from the group con- 
sisting of a potato starch, potato starch derivative, a waxy com starch and waxy com starch derivative, 

<o 26. A fiber-filled starch-based composition as claimed in claim 20, wherein the starch has a concentration in a range 
from about 5% to about 50% by weight of the starch-based composition, preferably in a range from about 1 0% to 
about 40% by weight of the starch-based composition, 

27. A fiber-filled starch-based composition as claimed in claim 20, wherein the starch has a concentration in arange 
^ from about 1 0% to about 80% by weight of total solids in the starch-based composition, preferably In a range from 

about 30% to about 70% by weight of total solids in the starch-based composition. 

28. A fiber-filled starch-based composition as claimed In dalm 20. wherein the starch has an amylose contort of less 
than about 45%. preferably less than about 25%. 

50 

29. A fiber-filled starch-based composition as claimed in daim 20, wherein to water has a concentration in a range 
from about 15% to about 80% by weight of the starch-based composition, preferably In a i^nge from about 30% 
to about 70% by weight of the statch-based composition. 

S5 30. A fiber-filled starch-based composition as claimed in daim 20. wherein the thtekening agent comprises a substan- 
tially gelatinized starch-based binder. 

31 . A fiber-filled starch-based composition as claimed in claim 20. wherein the thfekening agent is a modified starch, 
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preferably a modified starch that has been modified by at least one of estenTication, etherification.- oxidation, acid 
hydrolysis, cross-linlcing, and enzyme conversion. 

32. A fiber-filled starch-based composition as claimed in claim 20. wherein the thickening agent comprises a cellulosic 
ether, preferably a cellulosic ether selected from the group consisting of methylhydroxyethytceliulose, hy- 
droxymethylethylcellulose, carboxymethylcellulose, methyteellulose, ethylcellulose. hydroxyethylcellulose', hy- 
droxy ethylpropylcollulose. hydroxypropylmethylcellulose. and mixtures or derivatives thereof, 

33. A fiber-filled starch-based composition as claimed in claim 20. wherein the thickening agent comprises a polysac- 
charide or a polysaccharide derivative, preferably a polysaccharide or a polysaccharide derivative selected from 
the group consisting of alginic add, phycocollolds, agat, gum arable, guar gum, locust bean gum. gum karaya. 
xanthan gum. gum tragacanth. and mixtures or derivatives thereof. 

34. A fiber-filled starch-based composition as claimed in claim 20, wherein the thickening agent is a protein or a protein 
derivative, preferably a protein or a protein derivative selected from the group consisting of prolamine, collagen, 
gelatin, casein, and mixtures or derivatives thereof. 

35. A fiber-filled starch-based composition as claimed in claim 20, wherein the thfckening agent is a synthetic organte 
material, preferably a synthetk: organic material selected from the group consisting of polyvinyl pyn-olidone, poly- 
ethylene glycol, polyvinyl alcohol, polyvinylmethyl ether, polyacryllc acids, pofyacrylic acid salts, polyvinyl acrylic 
acids, polyvinyl acrylk: acid salts, polyacrylamides, ethylene oxide polymers, potylactic acid, latex, and mixtures 
or derivatives thereof. 

36. A fiber-filled starch-based composition as claimed in claim 20, wherein the fibers include naturally oocumng organic 
fibers, preferably cellufosie fibers, especially fibers derived from a fiber source selected fonn the group consisting 
of hardwood, softwood, recycled paper fibers, hemp, cotton, sisal abaca, and bagasse. 

37. A fiber-filled starch-based composition as claimed in claim 20, wherein tho fibers include inorgantef ibers. preferably 
inorganic fibers selected from the group consisting of glass, graphite, silica, ceramic, and metal. 

38. A fiber-filled starch-based composition as claimed in claim 20, wherein the fibers have a concentration in a range 
from about 1% to about 40% by weight of the starch-based composition, preferably In a range from about 2% to 
about 20% by weight of the starch-based composition, 

39. A fiber-filled starch-based composition as claimed in claim 20, wherein the fibers have a concentration in a range 
from about 2% to about 80% by weight of total solkis within the starch-based composition, preferably In a range 
from about 5% to about 20% by weight of total solids within the starch-based composition. 

40. , A fiber-filled starch-based composition as claimed in daim 20, wherein the fibers have an aspect ratio of at least 
about 1 00:1 . preferably at least about 250:1 . 

41. A fiber-filled starch-based composition as claimed in daim 20, wherein the fibers have an average length in a 
range from about 0.3 mm to about 2 mm. 

42. A fiber-filled starch-based composition as claimed in daim 20, wherein the fibers have an average length of at 
least about 2 mm, preferably at least about 3.5 mm, espedally at least about 6.5 mm. 

43. A fiber-filled starch-based composition as claimed in daim 20, further comprising an Inorganic aggregate filler, 
preferably an Inorganic aggregate filler selected from the group consisting of cafcium carbonate, sand, gravel', 
rock, limestone, sandstone, glass beads, mrca. clay, kaolin, synthetic day. alumina, silica, fly ash, fused siltea.' 
tabular alumina, microspheres, calcium sulfate dihydrate, calcium aluminate, hydrate hydraulfc cement partfclesi 
unhydrated hydraulic cement particles, periltc, venntoulite, hollow glass spheres, aert)gels, xerogels, porous ce- 
ramic spheres, xonotllte, lightweight expanded days, pumfce, and exfoliated ix>ck. 

44. A fiber-filled starch-based composition as daimed in daim 20, further comprising an inorganic aggregate filler 
having a concentration in a range from about 20% to about 80% by weight of total solids in the starch-based 
composition, preferably in a range from about 30% to about 70% by weight of total solids in he starch-based 
composition, especially in a range from about 40% to about 60% by weight of total solids in the starch-based 
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45. A fiber-filled starch-based composition as claimed in daim 20, further comprising a mold release agent, preferably 
a mold release agent selected from the group consisting of a fatty add or magnesium stearate. 

46. A fiber-filled starch-based composition as claimed in claim 20, further comprising an integral coating material, 
preferably an integral coaling materia! selected from the group consisting of wax, polylactic acid and shellac. 

47. A fiber-filled starch-based composition as claimed in daim 20, further comprising a plaslidzer, preferably a pias- 
ticlzer selected from the group consisting of mono and dlglycorides, polyethylene glycol, glycerin, and sorbitol. 

48. A method for manufacturing an artlde having a fiber-reinforced, starch-bound cellular matrix and a laminate coat- 
ing, the method comprising the steps of: 



mixing together water, a thickening agent, ungelatinized starch, and fibers-having an average aspect ratio 
greater than about 25:1 together to fomi a starch-based composition; 
fonning the starch-based composition into a desired shape of the artide of manufacture by heating the com- 
position in a mold to a temperature sufficient to substantially gelatinize the starch and remove at least a portion 
of the water by evaporation; 

20 removing the f omned article from the mold after a substantial portion of the water has been removed from the 

starch-based composition so as to fonn the starch-bound cellular matrix; and 
applying a laminate coating to at least a portion of the starch-bound cellular matrix. 

49. A method as claimed in claim 48, wherein the mixing step Includes first fomriing a prcblended mixture comprising 
25 the water, thickening agent, and fibers substantially unifonnly dispersed throughout the preblended mixture and 

then adding the ungelatinized starch . to the preblended mixture In order to fonm the starch-based composition. 

50. A method as claimed In claim 49, wherein the thickening agent indudes a portion of the ungelatinized starch and 
wherein the preblended mixture is formed by: 



(a) mixing together the ungelatinized starch portion, water and fibers to fomi a premix; 

(b) heating the premix to above the golation temperature of the ungelatinized starch in order to raise the yield 
stress of the fluid fraction; and 

(c) dispersing the fibers within the fluid fraction. 

51. A method as claimed in claim 48, wherein the laminate coating is applied as a unifomi film. 

52. A method as dalmed in claim 48, wherein the laminate coating comprises an organic coating fonned from at least 
one of waxes, shellac, drying oils, rosins, rosin derivatives, polyester resins, epoxy resins, terpene resins, vinyl 
resins, preferably polyvinyl acetate and polyvinyl alcohol, cellulose-based materials, preferably cellulose acetato, 
polyethylene, polyethylene copolymers, acrylics, acrylk; copolymers, melamine, polyamides, polylactfc acid, pol- 
yhydroxybutyrate-hydroxyvalerate copolymer, soybean protein, biodegradable polymers, elastomers, and deriva- 
tives of the foregoing. 

53. Amethod as claimed in daim 48. wherein the mixing step indudes adding at least one of a moid release agent, 
an integral coating material, an Integra! sealing material, a humectant, or a ptasticizer to the starch-based compo- 
sition. 

54. A method as claimed in daim 48, wherein the temperature of the mold is in a range from about 140"C to 240*C. 

55. A method as claimed In claim 48. wherein the mold indudes a male die and a corresponding female die. 

56. A method as daimed In claim 48, wherein the mold has a temperature gradient in older to vary the temperature 
to whteh the starch-based composition is raised while in the n\oi6, 

57. A method as dalmed in claim 48, wherein the mixing step includes mixing an inorganic aggregate within the starch- 
based composition in a amount in a range from about 20% to about 80% by weight of total solids within the starch- 
based compositton, preferably in a range from about 30% to about 70% by weight of total solids within the starch- 
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based composition. 

58. A method as datmed in claim 48, wherein the article is removed from the mold in a time period in a range from 
about 1 second to about 1 S minutes after being placed into the mold. 

59. A method as claimed in claim 48. wherein the fibers have an average aspect ratio greater than about 100:1 . 

60. A method as claimed in claim 48, wherein the fibers have an average length of at least about 0.3 mm. preferably 
at least about 2 mm. and especially at least about 3.5 mm. 

61 . A method as davned in claim 48. wherein the fibers have a concentration In a range from about 1% to about 40% 
by weight of the starch-based composition. 

62. A method as claimed in daim 48. wherein the mixing step is carried out using at least one of a high shear mixer 
a paddle mixer, and an auger extruder, 

63. A method as daimed In dalm 48. wherein the fluid fraction is fomied by relating the thickening agent and water 
together. ^ 

20 64. A method as daimed in daim 48, wherein the fluid fraction has a yield stress in a range from about 1 0 Pa to about 
5000 Pa, preferably in a range from about 250 Pa to about 4000 Pa. 

65. A method as claimed in claim 48. wherein the mixing step has a duration of less than about 30 minutes, preferably 
less than about 15 minutes. 

25 

66. A method as claimed in claim 48. wherein the starch indudes at least one of an unmodified starch, a potato starch 
a potato starch derivative, a waxy corn starch or a waxy com starch derivative. 

67. A method as claimed in claim 48, wherein the starch has an amylose content less than about 45%, preferably less 
50 than about 25%. j 

68. A method as claimed in daim 48. wherein the starch has a concentration in a range from about 5% to about 50% 
by weight of the starch-based composition. 

35 69. Amethodasclaimedindaim48,whereinthethickeningagentlncludesatleastoneofamodifiedste^^ 
ether, a protein, or a synthetic organic polymer material, 

70. A method as daimed in claim 48. wherein the article is removed from the mold by means of applying a suction to 
the article. 
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PatentansprGche 

1. Gegenstand mit einer faserverstarkten. Starke-gebundenen Zellmatrix und einer Lamlnatbeschfehtung aufge- 
« bracht auf mindestens elnem Tail davon. wobel die St§rke-gebundene Zellmatrix einen gellerten Binder auf Starke- 

Basls und in der gesamten StSrke-gebundenen Zellmatrix dispergierte Fasem umfasst, die elne durchschnittliche 
Lfinge von groBer als etwa 0.3 mm und eln durchschnittlfches Seltenverhaltnis grdBer als etwa 25:1 aufwelsen 
und In einer Konzentration in einem Bereich von etwa 2 Gew.-% bis etwa 80 Gew.-% der StSrice-gebundenen 
Zellmatrix voriiegen. 

so 

2. Gegenstand gemSB Anspruch 1 . wobei die Startce-gebundene Zellmatrix elne Dtehte in elnem Bereteh von etwa 
0,05 g/cm3 bis etwa 1 gfcm^, vorzugsweise in elnem Bereich von etwa 0.15 gfcn^ bis etwa 0.25 g/cm^ aufweist. 

3. Gegenstand gem§B Anspruch 1 . wobei die StSrice-gebundene Zellmatrix elne eiuBere Hautschlcht (1 0) mit einer 
S5 Dichte und einen inneren Schaumabschnitt (1 4) mit einer Dichte beinhaltet. die deutlich geringer ist als die DIchte 

der auBeren Hautschicht 

4. Gegenstand gemaB Anspruch 1 , mit einer Dfcke bis zu etwa 1 0 cm, vorzugsweise mit einer Dteke in einem Bereich 
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von etwa 0,5 mm bis etwa 5 mm und insbesondere in einem Bereich von etwa 1 mm bis etwa 3 mm, 

5. Gegenstand gemaS Anspruch 1 , wobei der Binder auf Star1<e-Basis wahrend des Fonnens gelatiniert wurde und 
mindeslens eine Starlce ausgewahit aus unmodifizierter Startce, Kartoffebtfirke, Kartoffelstarkederivat, wachsarti- 

s ger Maisslarke und wachsartigem Maisslarkederivat einschlieBt. 

6. Gegenstand gemaB Anspruch 1 , wobei der Binder auf Starke-Basis einen Amylosegehall von weniger als etwa 
45 %, vorzugsweise von weniger ais etwa 25 % aufweist. 

to 7. Gegenstand gemdB Anspmch 1 , wobei der Binder auf Stdrke-Basis eIne modinzlerte Starke einschiieBt, vorzugs- 
weise eine modiflzierte Starke, die modif iziert wurde durch mindestens ein Verfahren der Veresterung, Verethe- 
rung, Oxidation, SSurehydrolyse, Vemetzung und Enzymumwandlung. 

8. Gegenstand gemSB Anspruch 1 , wobei der Binder auf Stfirke-Basis in einer Konzentration in einem Bereich von 
w etwa 1 0 Gew.-% bis etwa 80 Gew.-% der Stfirke-gebundenen Zellmalrix. vorzugsweise In einem Berefch von etwa 

30 Gew.-% bis etwa 70 Gew,-% der StSrke^ebundenen Zellmatrbc vortiegt. 

9. Gegenstand gemaB Anspruch 1 , wobei die Fasem mindestens einen Fasertyp von Cellulosederivat-Fasern, Hart- 
holzfasem, Weichholzfasem, recycelten Papierfasem, Hanffasem, Baumwolifasern, Sisalfasern, Abacafasern, 

20 Bagassefasem, Graphitfasem. Silfcafasern, Keramikfasem und Metailfasem einschlieBen. 

10. Gegenstand gemaB Anspruch 1, wobei die Fasern in einer Konzentration in einem Bereich von etwa 4 Gew.-% 
bis etwa 40 Gew.-% der Stiirke-gebundenen Zellmatrix. vorzugsweise in einem Bereich von etwa 5 Gew.-% bis 
etwa 20 Gew.-% der StSrke-gebundenen Zellmatrix vortiegen. 

25 

11. Gegenstand gemaB Anspruch 1, wobei die Fasem ein SeitenverhSltnis von mindestens 100:1 aufweisen. 

12. Gegenstand gemaB Anspruch 1, wobei die Fasem eine durchschnittliche Lange von mindestens etwa 2 mm, 
vorzugsweise von mindestens etwa 3,5 mm und insbesondere von mindestens etwa 6,5 mm aufweisen. 

30 

13. Gegenstand gem§B Anspruch 1 , des Weiteren umfassend einen anorganischen Aggregat-Fullstoff, vorzugsweise 
einen anorganischen Aggregat-Fullstoff ausgewahit aus der Gruppe bestehend aus Catciumcarbonat, Sand, Kies, 
Pels (Gestein), Kalksteln. Sandstein. Glaskugelchen, Mica. Ton, Kaolin, synthetischem Ton, Aluminiumoxid, Silica, 
Flugasche, Quarzglas. tafelfdmiigem Aluminiumoxid, Mikrokugetehen, Cateiumsulfatdihydrat, Cateiumalumlnat, 

35 hydratislerten hydraulischen Zementtellchen, unhydratisierten hydraulischen Zementteilchen, Periit, Vemiiculit, 
hohlen Glaskugelchen, Aerogelen, Xerogelen, porosen KeramikkQgelchen, Xonotlit, leichtgewichtigen expandler- 
ten Tonen, Bimsstein und abgebrockeltem Pels. 

14. Gegenstand gemaB Anspruch 1, des Weiteren umfassend einen anorganischen Aggregat-Fullstoff in einer Kon- 
^ zentration in einem Bereich von etwa 20 Gew.-% bis etwa 80 Gew.-% der Starke-gebundenen Zellmatrix, vorzugs- 
weise in einem Bereich von etwa 30 Gew.-% bis etwa 70 Gew.-% der Starke-gebundenen Zellmatrix, insbesondere 
in einem Berek:h von etwa 40 Gew.-% bis etwa 60 Gew.-% der Starke-gebundenen Zellmatrix. 

15. Gegenstand gemaB Anspruch 1 , wobei die Lamlnatbeschtehtung eine organische Beschfchtung umfasst, gebildet 
^ aus mindestens einem Material ausgewShlt aus Wachsen. Scheilack, Trockenolen, Kolophonium, Kolophonium- 

derivaten, Polyesterharzen, Epoxyharzen, Terpenharzen, harzartigen Vinylvetbindungen, vorzugsweise Potyvi- 
nylacetat und Poiyvinylalkohol, CelluIose(derivat)materiatien, vorzugsweise Celluloseacetat, Polyethyten, Polye- 
thylen-Copolymeren, Acrylharzderivaten, Acrylharzderivat-Copolymeren, Melamin. Polyamiden, Polymilchsfiure, 
Polyhydroxybutyrat-Hydroxyvalerat-Copolymer, Sojabohnenprotein, bioabbaubaren Polymeren, Elastomeren und 
so Gemischen der vorstehenden. 

16. Gegenstand gemdB Anspruch 1 , wobei die Laminatbeschbhtung als im Wesentlk^en gletehmaBiger Rim aufge- 
bracht ist 

S5 17. Gegenstand gemaB Anspruch 1 , wobei die Starke-gebundene Zellmatrix des Weiteren Poiyvinylalkohol umfasst. 

18. Gegenstand gemaB Anspmch 1, wobei der Gegenstand einen Nahrungsmlttelbehalter, Getrankebehalter Oder 
einen flusstgkeitsfesten BehStter umfasst. 
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K Gegenstand gemaB Anspruch 1 . wobei der Gegenstand in Foim eines faltbaren Klapp-Behalters, einer Schachtel. 
einer Krste, einer Tasse, eines Tellers, einer Schale Oder eines Tabletts vorliegt. 

I. Eine fasergefullte Zusammensetzung auf Sl§rke-Basis zum Formen in einen Gegenstand mit einer Starke-gebun- 
denen Zellmatrix. wobei die Zusammensetzung auf Stail^e-Basis eine ungelatinierte Star1<e, Wasser. ein Verdik- 
kungsmittel und Fasern mit einem durchschnittlichen Seitenverhaltnis gr6f3er als etwa 25:l' umfasst. wobei das 
Wasser und das Verdickungsmittel eine flutde Fraklion umfasst mit einer Fliessspannung. derart, dass die Fasem 
im Wesentlichen gleichmaBig in der gesamten Zusammensetzung auf Starke-Basis dispergiert sind. wobei die 
Zusammensetzung die Starke-gebundene Zellmatrix dutch Gelierung der StSrke und nachfolgende Entfemung 
von mindestens einem Tail des Wassere aus der Zusammensetzung auf Stfirke-Basis durch Verdampfen bildet. 

. FasergefQIIte Zusammensetzung auf Stfirtce-Basls gemSB Anspruch 20. wobei die fluide Fraktion eine Fliessspan- 
nung in einem Berek^h von etwa 10 Pa bis etwa 6000 Pa. vorzugswelse in einem Berefeh von etwa 100 Pa bis 
etwa 500 Pa aufweist. 



I Fasergefullte Zusammensetzung auf StSrke-Basis gemSB Anspruch 20. wobei die fluide Fraktion eine scheinbare 
Viskositat gemessen bei einer Schergeschwindlgkeit von 6s-^ in einem Berelch von etwa 5 Pa-s bis etwa 1000 
Pa s. vorzugswelse in einem Berelch von etwa 30 Pa-s bis etwa 200 Pa-s aufweist. 

L Fasergefullte Zusannmensetzung auf Starke-Basis gemaB Anspruch 20, wobei die Zusammensetzung auf Starke- 
Basis eine Riessspannung in einem Bereich von etwa 250 Pa bis etwa 4000 Pa aufweist. 

k Fasergefullte Zusammensetzung auf Starke-Basis gemaB Anspruch 20, wobei die Zusammensetzung auf Starke- 
Basis eine scheinbare Viskositat gemessen bei einer Schergeschwindlgkeit von 5s-i in einem Berefch von etwa 
50 Pa-s bis etwa 2000 Pa-s aufweist. 



25. Fasergefullte Zusammensetzung auf Starke-Basis gemaB Anspruch 20, wobei die Starke ausgewahit ist aus der 
Gnjppe bestehend aus KartoffelstSrke. Kartoffelstarkederivat. wachsartiger Maisstarke und wachsartigem l^/iais- 
starkederivat. 

26. Fasergefullte Zusammensetzung auf StSrice-Basis gemaB Anspnjch 20. wobei die Starke in einer Konzentration 
in einem Berelch von etwa 5 Gew.-% bis etwa 50 Gew.-% der Zusammensetzung auf Starke-Basis, vorzugswelse 
in einem Bereich von etwa 10 Gew.-% bis etwa 40 Gew.-% der Zusammensetzung auf StSrke-BasIs vorliegt. 

27. Fasergefullte Zusammensetzung auf StarKe-Basis gemaB Anspruch 20. wobei die StSrke In einer Konzentration 
in einem Berefch von etwa 10 Gew.-% bis etwa 80 Gew.-% der Gesamtfeststoffe in der Zusammensetzung auf 
Starke-Basis. vorzugswelse in einem Berefch von etwa 30 Gew.-% bis etwa 70 Gew.-% der Gesamtfeststoffe in 
der Zusammensetzung auf Starke-Basis vorliegt. 

28. Fasergefullte Zusammensetzung auf Starke-Basis gemaB Anspruch 20. wobei die Starke einen Amylosegehalt 
von weniger ats etwa 45 %, vorzugsweise von weniger als etwa 25 % aufweist. 

29. Fasergefullte Zusammensetzung auf Starke-Basis gemaB Anspruch 20, wobei das Wasser in einer Konzentration 
in einem Bereich von etwa 1 5 Gew.-% bis etwa 80 Gew.-% der Zusammensetzung auf StSrke-Basis, vorzugswelse 
in einem Bereich von etwa 30 Gew.-% bis etwa 70 Gew.-% der ZusammenseUung auf Stftrke-Basis vorliegt. 

30. Fasergefullte Zusammensetzung auf StSike-Basis gemfiB Anspruch 20, wobei das Verdickungsmittel einen Im 
Wesentlfehen gelatlnierten Binder auf StSrice-Basis umfasst 

31. f^asergefullte Zusammensetzung auf StSrke-Basis gemaB Anspruch 20. wobei das Verdickungsmittel eine modi- 
fizierte Starke Ist. vorzugsweise eine modifizierte Starke, die modifiziert wurde durch mindestens ein Verfahren 
der Veresterung, Veretherung, Oxidation, Saurehydrolyse. Vemetzung und Enzymumwandlung. 

32. Fasergefullte Zusammensetzung auf Starke-Basis gemaB Anspruch 20, wobei das Verdickungsmittel einen Cel- 
lulosederivatether umfasst, vorzugsweise einen Cellutosederivatether ausgewahit aus der Gruppe bestehend aus 
Methylhydroxyethylcellulose. Hydroxymethylethyteellulose. Carboxymethylcellulose, Methylcellulose, Ethylcellu- 
lose, Hydroxyethylcellulose, Hydroxyethylpropylcellulose, Hydroxypropylmethylcellulose und Gemischen Oder De- 
rivaten davon. 
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33. Fasergefullte Zusammensetzung auf Starke-Basis gemaB Anspnjch 20, wobei das Verdickungsmmel ein Poly- 
saccharid oder ein Poiysaccharidderivat umfasst, vorzugsweise ein Polysaccharid Oder Polysaccharidderivat aus- 
gewahit aus der Gaippe bestehend aus Alginsaure, Phycocolloiden, Agar. Gummi arabfcum. Guargum. Johannis- 
brotgummi, Karaya-Gummi, Xanthangummi, Tragant-Gummi und Gemischen oder Oerivaten davon. 

5 

34. Fasergefullte Zusammensetzung auf Starke-Basis gemaf3 Anspnjch 20, wobei das Verdickungsmine! ein Protein 
Oder ein Proteinderivat ist, vorzugsweise ein Protein oder Proteinderivat ausgewahit aus der Gruppe bestehend 
aus Prolamin. Kollagen, Gelatine, Kasein und Gemischen oder Oerivaten davon. 

10 35. Fasergef Qllte Zusammensetzung auf StSrke-BasIs gem§B Anspruch 20, wobei das Verdfekungsmlttel ein synthe- 
tisches organisches Material ist, vorzugsweise ein synthetisches organisches Material ausgewahft aus der Gruppe 
bestehend aus Polyvlnylpyrrolidon, Polyethylenglykol, Polyvinylalkohol, Polyvinylmethylether, PolyacrylsSuren, 
Polyacryls§uresa!zen, Polyvinylacrylsauren, PoIyvinylacrylsSuresalzen, Polyacrytamiden, Ethyienoxid-Polyme- 
ren, PolymitehsSure, Latex und Gemischen oder Oerivaten davon. 

IS 

36. Fasergefullte Zusammensetzung auf Starke-Basis gemSB Anspruch 20, wobei die Fasem naturiich vorkommende 
organische Fasem einschlleBen, vorzugsweise Cellulosederivat-Fasem, insbesondere Fasem abgeteitet von e(- 
ner Faserquelle, ausgewShlt aus der Gruppe bestehend aus Hartholz, Welchholz, recycelten Paplerfasem, Hanf , 
Baumwolle, Sisal. Abaca und Bagasse. 

37. Fasergefullte Zusammensetzung auf Starke-Basis gemaB Anspruch 20, wobei die Fasem anorganische Fasem 
einschlieBen, vorzugsweise anorganische Fasern ausgewahit aus der Gruppe bestehend aus Glasfasem, Gra- 
phitfasem, Silicafasem, Keramikfasem und Metallfasem, 

25 38. Fasergefullte Zusanwnensetzung auf Starke-Basis gemaB Anspruch 20, wobei die Fasem in einer Konzentration 
in einem Bereich von etwa 1 Gew.-% bis etwa 40 Gew.-% der Zusammensetzung auf Starice-Basis, vorzugsweise 
in einem Bereich von etwa 2 Gew.-% bis etwa 20 Gew,-% der Zusammensetzung auf Starke-Basis vorttegen. 

39. Fasergefullte Zusammensetzung auf Starke-Basis gemaB Anspruch 20, wobei die Fasem in einer Konzentration 
30 In einem Bereteh von etwa 2 Gew.-% bis etwa 80 Gew.-% der Gesamtfeststoffe in der Zusammensetzung auf 

Starke-Basis, vorzugsweise in einem Bereich von etwa 5 Gew.-% bis etwa 20 Gew.-% der Gesamtfeststoffe In der 
Zusammensetzung auf Starke-Basis vorliegen. 

40. Fasergefullte Zusammensetzung auf Starke-Basis gemaB Anspruch 20, wobei die Fasem ein Seitenverhaltnis 
35 von mindestens etwa 100:1 , vorzugsweise von mindestens etwa 250:1 aufweisen. 

41. Fasergefullte Zusammensetzung auf Starke-Basis gemaB Anspruch 20, wobei die Fasern eine durchschnitdiche 
Lange in einem Bereich von etwa 0,3 mm bis etwa 2 mm aufweisen. 

^ 42. Fasergefullte Zusammensetzung auf Starke-Basis gemaB Anspruch 20, wobei die Fasem eine durchschnittiiche 
Lange von mindestens etwa 2 mm, vorzugsweise von mindestens etwa 3,5 mm und insbesondere von mindestens 
etwa 6,5 mm aufweisen. 

43. Fasergefullte Zusammensetzung auf St&rice-Basis gemaB Anspnjch 20, des Weiteren einen anorganischen Ag- 
<s gregat-Fullstoff umfassend. vorzugsweise eInen anorganischen Aggregat-Fullstoff ausgewahit aus der Gruppe 

bestehend aus Galciumcarbonat, Sand, Kies, Fete (Gestein). Kalksteln, Sandsteln, GlaskOgelchen, Mica, Ton, 
Kaolin, synthetischem Ton, AluminiumoxW, Silfca, Flugasche, Quarzglas, tafelfomiigem Alumlniumoxki, Mikroku- 
gelchen, Calciumsulfatdihydrat, Calciumalumlnat, hydratislerten hydraullschen Zementteilchen, unhydratisierten 
hydraulischen Zementteilchen, Perlit, Vemiiculit, hohlen Glaskugelchen, Aerogelen, Xerogelen, porosen Keramik- 
so kugelchen, Xonotlit, lelchtgewichtigen expandierten Tonen, Bimsstein und abgebrockettem Fels. 

44. Fasergefullte Zusammensetzung auf Starke-Basis gemSB Anspnjch 20, des Weiteren umfassend einen anorga- 
nischen Aggregat-FQllstoffin einer Konzentration in einem Bereich von etwa 20 Gew.-% bis etwa 80 Gew.-% der 
Gesamtfeststoffe In der Zusammensetzung auf StSrice-Basis, vorzugsweise in einem Bereich von etwa 30 Gew.- 

ss % bis etwa 70 Gew.r% der Gesamtfeststoffe in der Zusammensetzung auf Starke-Basis, insbesondere in einem 
6erek:h von etwa 40 Gew.-% bis etwa 60 Gew.-% der Gesamtfeststoffe in der Zusammensetzung auf Starke-Basis. 

45. Fasergefullte Zusammensetzung auf Starke-Basis gemaB Anspmch 20, des Weiteren ein Fonnentrennmittel um- 
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fassend, vorzugsweise ein Formentrennmittel ausgewahit aus der Gruppe bestehend aus einer Fettsaure und 
Magnesiumstearat. 

». Fasergefullte ZusammenseUung auf Starke-Basis gemaR Anspruch 20, des Weiteren ein inneres Beschichtungs- 
material umfassend. vorzugsweise ein inneres Beschichtungsmaterial ausgewahit aus der Gmppe bestehend aus 
Wachs. Polymilchsaure und Scheilack. 

^ Fasergefullte Zusammensetzung auf Starke-Basis gemaB Anspmch 20. des Weiteren einen Weichmacher um- 
fassend, vorzugsweise einen Weichmacher ausgewahit aus der Gruppe besehend aus Mono- und Diglyceriden 
Polyethylenglycol. Glycerin und Sorbitol. 

L Verfahren zur Herstellung eines Gegenstandes mit einer faserverstari<ten. StSrke-gebundenen Zellmatrix und einer 
Lamlnalbeschichtung, wobei das Verfahren die Schritte umfasst: 

Zusammenmischen von Wasser, einem Verdickungsmittel, ungelatinieiter StSrice und Fasem mit einem Sel- 
tenvertialtnis groBer als etwa 25:1, urn eine Zusammensetzung auf Stfirice-Basls zu bilden. 
Fomien der Zusammensetzung auf Starice-Basis In eine gewunschte Form des Gegenstandes durch Erhitzen 
der Zusammensetzung in einem Fonnwerkzeug auf eine Temperatur, die ausreichend ist, urn im Wesentlfchen 
die Stfirke zu gelatinieren und mindestens einen Teil des Wassers durch Verdampfen zu entfemen, und 
Entfemen des gefomiten Gegenstandes aus dem Fonnwericzeug. nachdem ein wesentlicherTeil des Wassers 
aus der Zusammensetzung auf Stari<e-Basis entfemt wurde. urn die Starke-gebundene Zellmatrix zu bilden. 
und 

Aufbringen einer Laminatbeschichtung auf mindestens einem Teil der Starice-gebundenen Zellmatrix. 

I. Verfahren nach Anspruch 48. wobei der Vennischungsschritl einschlieBt. dass zunachst ein Vorgemisch gebildet 
wird. umfassend Wasser, Verdfckungsmittel und im Wesentlichen in dem gesamten Vorgemisch gleichmaBig di- 
spergierte Fasern und anschlieBend die ungelatrnierte StSrice dem Vorgemisch zugesetzt wird. um die Zusam- 
mensetzung auf StSrke-Basis zu bilden. 

1. Verfahren nach Anspruch 49, wobei das Verdickungsmittel einen Teil der ungelatinierten Starke einschlieBt und 
wobei das Vorgemisch gebildet wird durch: 

(a) Zusammenmischen des ungelatinierten Stfiriceanteils. Wasser und Fasem, um ein Vorgemisch zu bilden, 

(b) Erhitzen des Vorgemisches oberhalb der Gelierungstemperatur der ungelatinierten Stari<e, um die 
Riessspannung der fluiden Fraktion zu ertidhen, und 

(c) Dispergieren der Fasem in der fluiden Fraktion. 



51. Verfahren nach Anspruch 48. wobei die Laminatbeschfchtung als glefchmaBiger Film aufgebracht wird. 

52. Verfahren nach Anspruch 48. wobei die Laminatbeschichtung eine organische Beschichtung umfasst, gebildet 
aus mindestens einem Material ausgewahit aus Wachsen, Scheilack, Trockenolen. Kolophonium, Kolophonium- 
denvaten. Polyesterharzen. Epoxyharzen, Terpenharzen, harzartigen Vinyh/erbindungen, vorzugsweise Polyvl- 
nylacetat und Polyvinylalkohol, Cellulose(derivat)materialien, vorzugsweise Celluloseacetat, Polyethylen. Polye- 
thylen-Copofymeren. Acrylharzderivaten. Acrylharzderivat-Copolymeren. Melamin. Polyamiden, Polymilchsaure. 
Polyhydroxybutyrat-Hydroxyvalerat-Copolymer, Sojabohnenprotein, bioabbaubaren Polymeren, Elastomeren und 
Gemlschen der vorstehenden. 



53. Verfahren nach Anspmch 48, wobei der Vermischungsschritt die Zugabe mindestens eines Fomientrennmittels, 
eines inneren Beschlchtungsmaterials, eines inneren Dichtungsmaterlals, eines Feuchthaltemittels und^oder eines 
Weichmachers zu der Zusammensetzung auf StSrtce-Basis belnhaltet. 

54. Verfahren n^h Anspruch 48. wobei die Temperatur des Fomnwerioceuges In einem Bereich von etwa 140»C bis 
240'C liegt. 

55. Verfahren nach Anspruch 48. wobei das Formwerkzeug ein positives Formweriaeug und ein entsprechendes 
negatives Formwericzeug beinhaltet. 

56. Verfahren nach Anspruch 48. wobei das Formweri<zeug einen Temperaturgradienten aufweist. um die Temperatur, 
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auf die die Zusammensetzung auf Stdrke-Basis erhoht wird, wahrend sie sich in dem Fonmwerkzeug befindet. zu 
variieren. 

57. Verfahren nach Anspruch 48, wobei der Vermischungsschritt das Vermischen eines anorganischen Aggregats mit 
der Zusammensetzung auf Starke-Basis in einer Menge in einem Bereich von etwa 20 Gew.-% bis etwa 80 Gew.- 
% der Gesamtfeststoffe in der Zusammensetzung auf Starke-BasIs, vorzugsweise in einem Bereich von etwa 30 
Gew.-% bis etwa 70 Gew.-% der Gesamtfeststoffe in der Zusammensetzung auf StSrke-Basis einschlieBt 

58. Verfahren nach Anspruch 48. wobel der Gegenstand aus dem Fomiwerkzeug entfemt wird In einer Zeitspanne in 
einem Bereich von etwa 1 Sekunde bis etwa 15 Minuten, nachdem er in das Fomiwerkzeug gegeben wurde. 

59. Verfahren nach Anspruch 48, wobei die Fasem ein durchschnittliches Seitenvertialtnis groBer als etwa 1 00:1 auf- 
weisen. 

60. Verfahren nach Anspruch 48, wobei die Fasem eine durchschnittlfche Lange von mindestens etwa 0.3 mm, vor- 
zugsweise mindestens etwa 2 mm, und insbesondere mindestens etwa 3,5 mm aufwefeen. 

61. Verfahren nach Anspruch 48, wobel die Fasern In einer Konzentration in einem Berech von etwa 1 Gew.-% bis 
etwa 40 Gew,-% der Zusammensetzung auf Starke-Basis voriiegen, 

62. Verfahren nach Anspnjch 48, wobei der Vennischungsschritt unter Verwendung mindestens eines (Fischers mit 
hohem Schereintrag, eines Paddelmischers oder eines Auger-Extruders ausgefuhrt wird. 

63. Verfahren nach Anspruch 48, wobei die fluide Fraktion gebildet wird durch Zusammengelieren des Verdickungs- 
mittels und Wasser. 

64. Verfahren nach Anspruch 48, wobei die fluide Fraktion eIne Fliessspannung In einem Bereich von etwa 10 Pa bis 
etwa 5000 Pa, vorzugsweise in einem Berefeh von etwa 250 Pa bis etwa 4000 Pa aufweist. 

65. Verfahren nach Anspruch 48, wobel der Vemiischungsschritt weniger als etwa 30 Minuten, vorzugsweise weniger 
als etwa 15 Minuten dauert. 

66. Verfahren nach Anspmch 48, wobei die Stfirtce mindestens eine unmodifizierte StSrke, eine KartoffelstSrtce, ein 
Kartoffelstarkederivat, eine wachsartige Malsstfirfce oder ein wachsartiges Malsstaricederivat einschlieBt. 

67. Verfahren nach Anspruch 48, wobei die Stari<e einen Amyiosegehalt von weniger als etwa 46 %, vorzugsweise 
von weniger als etwa 25 % aufweist. 

68. Verfahren nach Anspmch 48, wobei die Starice in einer Konzentration in einem Bereich von etwa 5 Gew.-% bis 
etwa 50 Gew.-% der Zusammensetzung auf Starke-Basis vortiegl. 

69. Verfahren nach Anspruch 48. wobei das Verdickungsmittel mindestens eine modifizierte Starice, einen Cellutosee- 
ther, ein Protein und/oder.ein synthettsches organisches Polymermaterial einschlieBt. 

70. Verfahren nach Anspruch 48, wobei der Gegenstand aus d^ Formwericzeug durch Anwendung eines Sogs auf 
den Gegenstand entfernt wird. 



Revendications 

1 . Arttoie manufacture ayant une matrice cellulaire Ii6e par de ramidon, renforc^ par des fibres, et un rev§tement 
feuillete d^sd sur au moins une partie de celle-d, la matrtee cellulaire li6e par de I'amidon comprenant un llant 
ft base tf amidon gelatinise et des fibres dispersdes dans la totality de la matrice cellulaire \\6e par de ramidon, 
les fibres ayant une longueur moyenne sup6rieure ft environ 0,3 mm, un- rapport d'aspect moyen sup6rieur ft 25: 
1 , et une concentration comprise dans une gamme d'environ 2% ft environ 80% en poids de la matrice cellulaire 
liee par de i'amidon. 

2. Arttele suivant la revendk^ation 1 . dans lequel la matrice cellulaire liee par de ramidon a une density connprise 
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dans une gamme d'environ 0.05 g/cm^ k environ 1 gtem®, de pr6f6rence dans une gamme d'environ 0.15 g/cm^ 
k environ 0.25 g^cnrr*. 

3. Article suivant la revendication 1 . dans (equel la matrice cellulaire Ii6e par de I'amidon comprend une partie de 
peau ext^rieure (10) ayant une certaine density et une partie de mousse interieure (14) ayant une density qui est 
notabienient inf^rieure k la density de la partie de peau ext^rieure. 

4. Article suivant la revendication 1 . ayant une ^paisseur allant jusqu'^ environ 1 0 cm, de pr^fdrence comprise dans 
une gamme tf environ 0.5 mm k environ 6 mm, en particulier dans une gamme d'environ 1 mm k environ 3 mm. 

5. Article suivant la revendication 1, dans lequet le (iant k base d'amidon a 6t6 g6latinls6 pendant le moulage et 
comprend au moins run rfun amidon non modifl6, tfun amidon de pomme de terre, d'un d6riv6 d'amidon de pomme 
de terre, rfun amidon de maTs cireux et d*un d6riv6 d'amidon de mats dreux. 

6. Artide suivant (a revendication 1 . dans lequel le liant k base d'amidon a une teneur en amylose Inf6rieure k environ 
45%, de pr6f6rence inf6rieure k environ 25%. 

7. Artide suivant la revendication 1 . dans lequel le liant k base d'amidon comprend un amidon modif 16, de pr6f6rence 
un amidon modifi6 qui a 6X6 modifi§ par au moins rune d'une est6rrfication, d'une 6th6rification, d*une oxydation, 
tfune hydrolyse acide. d'une reticulation ou d'une conversion enzymatlque. 

8. Artide suivant la revendication 1 . dans lequel le liant k base d'amidon a une concentration comprise dans une 
gamme d'environ 10% a environ 80% en poids de la matrice cellulaire li^e par de ramidon, de pr6f6rence dans 
une gamme d'environ 30% k environ 70% en poids de la matrice cellulaire li^e par de I'amldon. 

9. Article suivant la revendication 1 . dans lequel les fibres comprennent au moins un type de fibres pamii les fibres 
cellulosiques, les fibres de bois dur, les fibres de bois lendre. les fibres de papier recycle, les fibres de chanvre. 
les fibres de coton, les fibres de sisal, les fibres d'abaca. les fibres de bagasse, les fibres de graphite, les fibres 
de sllice, les fibres de c^ramique et les fibres m^talliques. 

10. Artide suivant la revendication 1 , dans lequel les fibres ont une concentration comprise dans une gamme d'environ 
4% k environ 40% en poids de la matrice cellulaire ii^e par de ramidon, de pr6f6rence dans une gamme d'environ 
5% k environ 20% en poids de la matrice cellulaire li^e par de I'amidon. 

1 1 . Artide suivant la revendication 1 , dans lequel les fibres ont un rapport d'aspect d'au moins 1 00:1 . 

12. Article suivant la revendication 1 , dans lequel les fibres ont une longueur moyenne d'au moins environ 2 mm, de 
preference d'au moins environ 3.5 mm, en particulier d'au moins environ 6.5 mm. 

13. Article suivant la revendication 1 , comprenant de plus une charge d'agr6gat inorganique, de preference une charge 
d'agregat inorganique choisie dans le groupe consistant en cart)onate de calcium, sable, gravier, roche. calcaire, 
gres, billes de ven-e. mica, argile. kaolin, argile de synthese, alumine, siDce. cendrevolante, silioe fondue, alumine 
tabulaire, microspheres, sulfate de calcium dihydrate. aluminate de cateium. particules de ciment hydraullque 
hydrate et particules de dment hydraulique non hydrate, periite. vemiiculite, spheres creuses de verre. aerogels, 
xerogels, spheres poreuses de c6ramique. xonotllthe. argiles expansees de fable poids. pierre ponce et roche 
exfoQee. 

14. Artide suivant la revendication 1 . comprenant de plus une charge d'agregat inorganique ayant une concentration 
comprise dans une gamme d'environ 20% k environ 80% en poids de la matrice cellulaire liee par de I'amidon. de 
preference dans une gamme d'environ 30% k environ 70% en poids de la matrice cellulaire liee par de ramidon, 
en particulier dans une gamme d'environ 40% k environ 60% en poids de la matrice cellulaire liee par de ramWon. 

15. Artide suivant la revendication 1 , dans lequel le revetement feuillete comprend un revStement organlque fonne k 
partir d'au moins un compose choisi parmi des cires. du shellac, des huiles siccatives, des colophanes, des derives 
de colophane, des resines polyester, des resines 6poxy, des r6sines terpeniques, des resines vinyltques. de pre- 
ference un acetate de polyvinyle et un alcool polyvinylique. des matiferes k base de cellulose, de preference un 
acetate de cellulose, un polyethylene, des copolym6res de polyethylene, des acryliques. des copolym6res acryli- 
ques. une meiamine, des polyamldes, un acide polylactique, un copolymere de polyhydroxybutyrate-hydroxyva- 
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I6rale. une prot6ine de soja. des polymferes biod6gradables, des 6laslom6res et des d6riv6s des pr6c§dents, 

16. Article suivant la revendicatton 1 , dans lequel le revfitement feuillet6 est appliqu6 sous la forme d'un film pratique- 
ment uniforme. 



17. Article suivant la revendicatlon 1 , la matrice cellulaire Il6e par de Tamidon comprenant de plus un alcool polyviny- 

Itque. 



18. Article suivant la revendlcation 1 , dans lequel fartlcle constitue un r6ciplent pour des aliments ou une boisson ou 
un recipient 6tanche aux liquldes. 

19. Article suivant la revendicatlon 1, dans lequel le r6clplent est un r6clpient en fomie de coquille» un carton, une 
boTte. une coupelie, un plat, un bol ou un plateau. 

20. Composition h base d'amidon charg6e de fibres pourmoulag^ sous forme rfun article ayant une matrice cellulaire 
li6e par de Pamidon, la composition k base rfamidon comprenant un amidon non g^latinis^, de I'eau. un agent 
^paississant et des fibres ayant un rapport tfaspect moyen sup6rieur h environ 25:1 ; I'eau et Pagent 6paisslssant 
constituant une fraction fluide ayant une tension limite telle que les fibres sont dlspers6es de fafon pratiquement 
uniforme dans la totality de la composition k base d'amidon, la composition fomiant la matrice cellulaire Il6e par 
de ramldon par g6lification de Pamidon et Elimination d'au moins une partie de Peau de la composition k base 
d'amidon par Evaporation. 

21 . Composition k base d'amidon chargEe de fibres suivant la revendlcation 20, dans laquelle la fraction fluide a une 
tension limite comprise dans une ganune rfenviron 10 Pa 6 environ 5000 Pa, de prEfErence dans une gamme 
d'envlron 100 Pa ^ environ 500 Pa. 

22. Composition k base d'amidon chargEe de fibres suivant la revendicatlon 20, dans laquelle la fraction fluide a una 
viscosity apparente mesurde k un taux de cisaillement de 5s'^ comprise dans une gamme d'environ 5 Pa.s k 
environ 1000 Pa.s, de pr6f6rence dans une gamme d'environ 30 Pa.s k environ 200 Pa.s. 

23. Composition k base d'amidon chargEe de fibres suivant la revendicatlon 20, dans laquelle la composition k base 
d'amidon a une tension limite comprise dans une gamme d'environ 250 Pa k environ 4000 Pa. 

24. Composition k base d'amidon chargEe de fibres suivant la revendicatlon 20. dans laquelle la composition k base 
d'amidon a une vtscosit6 apparente mesurEe k un taux de cisaillement de 5s-^ comprise dans une gamme d'environ 
50 Pa.s k environ 2000 Pa.s. 

25. Composition k base d'amidon chargEe de fibres suivant la revendicatlon 20, dans laquelle I'amidon est choisi dans 
le groupe consistant en amidon de pomme de ten^e, d6riv6 d'amidon de pomme de ten-e, amidon de mats cireux 
et dErivE d'amidon de maTs cireux. 

26. Composition k base rfamidon chargEe de fibres suivant la revendlcation 20, dans laquelle Pamidon a une concen- 
tration comprise dans une gamme rfenviron 6% k environ 50% en poids de la composition k base d'amidon, de 
prEfErence dans une gamme rfenviron 10% & environ 40% en poids de la compositton k base rfamidon. 

27. Composition k base rfamidon chargEe de fibres suivant la revendicatlon 20, dans laquelle le liant de type amidon 
a une concentration comprise dans une gamme rfenviron 10% k environ 80% en poids de la totality des solides 
presents dans la composition k base rfamidon, de prEfErence dans une gamme rfenviron 30% k environ 70% en 
poids de la totality des solides presents dans la composition k base d'amidon. 

28. Composition k base d'amidon charg6e de fibres suivant la revendlcation 20, dans laquelle Pamidon a une teneur 
en amylose InfErieure k environ 45%, de pr6f6rence InfErieure k environ 25%. 

29. Composition li base d'amidon chargEe de fibres suivant la revendicatlon 20, dans laquelle Peau a une concentration 
comprise dans une gamme d'environ 15% k environ 80% en poids de la composition k base rfamidon, de pr6f6- 
rence dans une gamme rfenviron 30% k environ 70% en poids de la composition k base rfamidon. 

30. Composition k base rfamidon chargEe de fibres suivant la revendlcation 20, dans laquelle I'agent Epaississant 
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comprend un liant k base d'amidon substantiellement g^latin^d. 



31 . Composition h base d'amidon charg^e de fibres suivant la revendication 20, dans taquelle Tagent 6paississant est 
un amidon modifi6, de pr6f6rence un amidon modifi6 qui a 6t6 modifi6 par au moins I'une tfune est6rification, 
rfune 6th6rification, d'une oxydation, d'une hydrolyse acide, d'une reticulation et d'une conversion enzymatique, 

32. Composition k base d'amidon chargSe de fibres suivant la revendication 20, dans taquelle I'agent ^paississant 
comprend un dther celtulosique, de pr6f6rence un 6ther cellulosique choisi dans le groupe consistant en methyl- 
hydroxy^thyicellulose, hydroxym^thyl6thytoellulose, carboxymdthylceltulose, m6thylcellulose, ^thytceHulose hy- 
droxy^thylcellulose. hydroxy^thylpropylceltulbse, hydtoxypropylm^thylceltulose et leurs melanges ou ddrivte. 

33. Composition k base d'amidon charg^e de fibres suivant la revendication 20, dans laquelle Tagent 6paississant 
comprend un polysaccharide ou un d6riv6 de polysaccharide, de pr6f6rence un polysaccharide ou un derive de 
polysaccharide choisi dans le groupe consistant en acide alginique, phycocolloTdes, agar, gomme arabique, gom- 
me guar, gomme de caroube, gomme karaya, gomme xanthane, goovne adragante, et leurs melanges ou d^riv^. 



34. Composition k base d'amidon charg6e de fibres suivant la revendication 20. dans laquelle I'agent ^paississant est 
une protSine ou un derive de protdine, de preference une protdlne ou un derive de proteine choisi dans le groupe 
consistant en prolamine, collagene, gelatine, caseine, et leurs melanges ou derives. 

20 

35. Composition k base d'amidon chargee de fibres suivant la revendication 20, dans laquelle I'agent epaisslssant est 
une matiere organlque de synthdse, de preference une matidre organique de synthase choisie dans le groupe 
consistant en polyvinyl pyrrolidone. polyethylene glycol, alcool polyvinylique, polyvinylmethyl ether, acides polya- 
cryliques, sels d'acides polyacryllques, acides polyvinyl acryllques, sels d'acides polyvinyl acryliques, polyacryla- 

25 mides, polymeres d'oxyde d'ethyiene, acide potylactique, latex, et leurs melanges ou derives. 

36. Composition a base d'amidon charg6e de fibres suivant la revendication 20, dans laquelle les fibres comprennent 
des fibres organiques d'origine naturelle, de preference des fibres cellulosiques, en particullerdes fibres provenant 
d'une source de fibres choisie dans le groupe consistant en bols dur, bols tendre, fibres de papier recycle, chanvre, 

30 coton, sisal, abaca et bagasse. 

37. Composition k base d'amidon chargee de fibres suivant la revendication 20, dans laquelle les fibres comprennent 
des fibres inorganiques, de preference des fibres inorganiques choisies dans le groupe consistant en verre, gra- 
phite, silice, ceramique et metal. 

35 

38. Composition k base d'amidon chargee de fibres suivant la revendication 20. dans laquelle les fibres ont une con- 
centration comprise dans une gamme d'environ ^%k environ 40% en poids de la composition k base d'amidon, 
de preference dans une gamme d'environ 2% k environ 20% en poids de la composition k base d'amidon. 

^ 39. Composition k base d'amidon chargee de fibres suivant la revendication 20, dans laquelle les fibres ont une con- 
centration comprise dans une gamme d'environ 2% k environ 80% en poids de la total Ite des solides presents k 
t'interieur de la composition k base d'amidon, de preference dans une gamme d'environ 5% k environ 20% en 
poids de la totalite des solides presents k I'interieur de la composition k base d'amidon. 

45 40. Composition k base d'amidon chargee de fibres suivant la revendication 20, dans laquelle les fibres ont un rapport 
d'aspect d'au moins environ 100:1 , de preference d*au moins environ 250:1. 

41. Composition k base d'amidon chargee de fibres suivant la revendication 20, dans laquelle les fibres ont une lon- 
gueur moyenne comprise dans une gamme d'environ 0,3 mm k environ 2 nrrni. 

50 

42. Composition k base d'amidon chargee de fibres suivant la revendication 20, dans laquelle les fibres ont une lon- 
gueur moyenne d'au moins environ 2 mm, de preference d'au moins environ 3,5 mm, en particulier d'au moins 
environ 6,5 mm. 



43. Composition k base d'amidon chargee de fibres suivant la revendication 20. comprenant de plus une charge 
d'agregat inorganique, de preference une charge d'agregat Inorganique choisie dans le groupe consistant en car- 
bonate de calcium, sable, gravier. roche, calcaire, grfes, billes de verre, mica, argile, kaolin, argile de synthfese, 
alumine, silice. cendre volante, silice fondue, alumina tabulaire, microspheres, sulfate de calcium dihydrate, alu- 
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minate de calcium, particules de cvnent hydraulique hydrate, particules de dment hydraulique non hydrate, periite, 
vermicultte, spheres creuses de verre, aerogels, xdrogels, spheres poreuses de ceramtque, xonotlithe. argiles 
expans^es de faible poids. pierre ponce et roche exfoii^e. 

5 44. Composition ^ base d'amidon chargSe de fibres suivant la revendication 20, comprenant de plus une charge 
d*agr6gat inorganique ayant une concentration comprise dans une gamme d'environ 20% k em/iron 80% en polds 
de la totality des solides pr^ents dans la composition d base d'amidon. de preference dans une gamme d*environ 
30% k environ 70% en poids de la totality des solides presents dans la composition k base tfamidon, en particulier 
dans une gamme d'environ 40% k environ 60% en poids de la totality des solides presents dans la composition 

10 k base d*amIdon. 

45. Composition k base d'amidon charg^e de fibres suivant la revendication 20, comprenant de plus un agent de 
d^moulage, de preference un agent de demoulage chotsi dans le groupe consistant en un aclde gras ou du stearate 
de magnesium. 

IS 

46. Composition k base d'amidon charg^e de fibres suivant la revendication 20. comprenant de plus un materiau de 
revetement integrsd, de preference un materiau de revdtement Integral cholsl dans le groupe consistant en aire, 
aclde polylactlque et shellac. 

so 47. Composition k base tfamidon charg6e de fibres suivant la revendication 20, comprenant de plus un plastrfiant, de 
preference un plastif iant choisi dans le groupe consistant en mono- et di-glyc6rides, polyethylene glycol, glycerine 
et sorbitol. 

48. Precede pour la fabrication d*un article ayant une matrice cellulaire liee parde Tamtdon, renforcee par des fibres, 
25 et un revetement feuillete, le precede comprenant les etapes de : 

melange ensemble d'eau, d'un agent epaississant, d'amidon non gelatinise et de fibres ayant un rapport d'as- 
pect moyen superieur k environ 25:1 de fa^on k former une composition k base d'amidon ; 
fa^onnage de la composition k base d'amidon en une fomie desiree de {'article manufacture par chauffage 
30 de la composition dans un moule k une temperature suffisante pour geiatiniser substantiellement Tamidon et 

eiimlner au moins une partte de t'eau par evaporation ; 

demoulage de I'article fomie apres elimination d'une partie substantielle de I'eau de la composition k base 
d'amidon pour former la matrice cellulaire liee par de ramldon; et 

application d'un revetement feulllete sur au moins une partie de la matrice cellulaire liee par de Tamldon. 

35 

49. Precede suivant la revendication 48, dans lequel I'etape de melange comprend d'abord la fonnation d'un melange 
premeiange comprenant i'eau, I'agent epaississant et des fibres substantiellement dispersees de fagon uniforme 
dans la totalite du melange premeiange, et ensuite faddition d'amidon non gelatinise au melange premeiange afin 
de fonner la composition a base d'amidon. 

40 

50. Precede suivant la revendication 49, dans lequel I'agent epaississant comprend une partie de I'amidon non gela- 
tinise et dans lequel le melange premeiange est forme par : 

(a) melange ensemble de la partie d'amidon non gelatinise, d'eau et de fibres pour fomner un premeiange ; 
45 (b) chauffage du premeiange au-dessus de la temperature de geilfication de I'amidon non gelatinise afin d'eie- 

ver la tension llmite de la fraction fluide ; et 
(c) dispersion des fibres k I'lntSrieur de la fraction fluide. 

51. Precede suivant la revendication 48, dans lequel le revetement feulllete est applique sous la forme d'un film uni- 
so fonme. 

52. Precede suivant la revendication 48, dans lequel le revetement feulllete comprend un rovetement organlque fomie 
k partir d'au moins un compose parmi des cires, du shellac, des huiles siccatives, des colophanes, des derives 

de colophane, des resines polyester, des reslnes epoxy, des resines terpenlques, des resines vinyliques, de pre- 
ss ference un acetate de polyvinyle et un alcool polyvinylique, des matiferes k base de cellulose, de preference un 

acetate de cellulose, un polyethylene, des copolymeres de polyethylene, des acryliques, des copolymeres acryli- 
ques, une meiamine, des polyamides, un acide polylactlque, un copolymdre de polyhydroxybutyrate-hydroxyva- 
lerate. une proteine de soja, des polymeres biodegradables, des eiastomeres et des derives des precedents. 
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53. Proc6de suivant la revendication 48, dans lequel I'Stape de melange comprend Taddition d'au moins Tun d'un 
agent de d^moulage, d'un mat^riau de revetenient integral, d'un matdriau integral d^tanch^it^, d'un humectant 
ou d*un plastifiant d la composition k base d'amtdon. 

s 54. ProcM6 suivant la revendication 48, dans lequel la tennpdrature du moule est comprise dans une gamme d'environ 
14<y»C&240'C. 

55. Proc6dd suivant la revendication 48. dans lequel le moule comprend une matrice mdle et une matrice femelle 
correspondante. 

10 

56. ProcSdd suivant la revendication 48, dans lequel le moule pr^sente un gradient de temperature de fagon k modifier 
la temperature k laquelle la composition k base d'amidon est 6lev6e alors qu'elle se trouve dans le moule. 

57. Proc^de suivant la revendication 48, dans lequel i'^tape de melange comprend le melange d'un agr^gat inorga- 
IS nique k i'interieur de la composition k base d'amidon en une quantity comprise dans une ganrvne d'environ 20% 

k environ 80% en poids de la totality des solides presents k Tintdrieur de la composition k base d'amidon, de 
preference dans une gamme d'environ 30% k environ 70% en poids de la totallte des solides presents k Tinterieur 
de la composition k base d'amidon. 

20 58. Precede suivant la revendication 48, dans lequel I'artide est retire du moule aprds une periode de temps comprise 
entre environ 1 seconde et environ 15 minutes apr^s introduction dans le moule. 

59. Procede suivant la revendication 48, dans lequel les fibres ont un rapport d'aspect moyen superieur k environ 1 00: 
1. 

25 

60. Procede suivant la revendication 48, dans lequel les fibres ont une longueur moyenne d'au moins environ 0,3 mm, 
de preference d'au moins environ 2 mm, et en particulter d'au moins environ 3,5 mm. 

61. Precede suivant la revendication 48, dans lequel les fibres ont une concentration comprise dans une gamme 
30 d'environ ^%k environ 40% en poids de la composition k base d'amidon. 

62. Precede suivant la revendication 48, dans lequel I'etape de melange est effectuee par utilisation d'au moins un 
meiangeur k fort cisaillement, un meiangeur k aube et un extrudeur k vis heilcoTdate. 

35 63. Precede suivant la revendication 48, dans lequel la fraction fluide est formee par geiificatlon ensemble de I'agent 
epaississant et de I'eau. 

64. Precede suivant la revendication 48. dans lequel la fraction fluide a une tension limite comprise dans une gamme 
d'environ 10 Pa a environ 5000 Pa, de preference dans une gamme d'environ 250 Pa k environ 4000 Pa. 

40 

65. Precede suivant la revendication 48, dans lequel i'etape de melange a une duree inferieure k environ 30 minutes, 
de preference inferieure k environ 15 minutes. 

66. Procede suivant la revendication 48, dans lequel I'amidon connprend au moins un compose pamni un amidon non 
<5 modlfie, un amidon de pomme de terre, un derive d'amidon de pomme de ten^e, un amidon de maTs cireux ou un 

derive d'amidon de maTs cireux. 

67. Procede suivant la revendication 48, dans lequel I'amidon a une teneur en amylose Inferieure k environ 45%, de 
preference Inferieure k environ 25%. 

50 

68. Precede suivant la revendication 48. dans lequel Tamidon a une concentration comprise dans une gamme d'environ 
5% k environ 50% en poids de la composition k base d'amidon. 

69. Procede suivant la revendication 48, dans lequel I'agent epaississant comprend au moins un compose panni un 
S5 amidon modifie, un ether cellulosique, une proteine ou une matiere polymere organique de synthese. 

70. Precede suivant la revendication 48, dans lequel I'article est retire du moule par application d'une aspiration k 
rartide. 
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FIG. 2C 
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FIG. 3 



89 



EP 0 804 331 B1 




EP 0 804 331 B1 




FIG. 5 
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FiG. 6 
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FIG. 9 




FIG. 10 
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FIG. HA 



96 



EP 0 804 331 B1 




FIG. 13 
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FIG. 18 
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PREGEIATINIZEO STARCH IN WATER [WT.%] 



FIG. 22 




PRE6EUTINIZED STARCH IN WATER [WT.%1 

FIG. 23 
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